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:
Animal experimentation: Animal experiments were conducted according to -E
the "Guide for Laboratory Animal Facilities and Care" (1965) prepared by -

the Committee on the Guide for Laboratory Animal Resources, National
Academy of Sciences, National Research Council; the regulations and standards o
prepared by the Department of Agriculture; and Public Law 91-579, 'Labora- -t
tory Animal Welfare Act," 1970.

Disclaimer: The findings in this report are not to be construed as an -
official position of the Department of the Army, unless so designated by
other authorized documents.
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PREFACE

This report was prepared at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Missouri 64110, under U.S. Department of the Army
Contract Nn. DAMD-17-74-C-4073, MRI Project No. 3900-B, '"Munition Compounds
Mammalian Toxicity Study." The work was supported by i.-e U.S. Army Medical
Bioengineering Research and Drwvelopment Laboratory, USAMRDC, Department of
the Army. Cpt. John P. Glennon, Dr. Jack C. Dacre, Dr. David H. Rosenblatt
and Cpt. Robert Rice, Environmental Research Requirement'ﬁranch, are the con-
secutive technical monitors for the project.,

This work was conducted in the Biological Sciences Division, under
the dirsction of Dr. William B. House, between 1 March 1975 and 29 February
1976. The experimental work was directed by Dr. Cheng Jhun Lee, Head, ?har-
mac-logy and Toxicology with the assistance of Dr. Harry V. Ellis, III,
Associate Pharmacologist, and Mr. John J. Kowalski, Assistanc Biologist.
Dr. John R. Hodgson, Senior Biochemist, supervised the studies on metabolism,
cytogenesis and mu-agenesis. Dr. Shang W. Hwang, Associate Pharmacologist,
assisted the studies on metatolism. Dr. Robert D. Short, Associate Pharmacologist,
supervised the in vitro study on metabolism and in vivo study on drug metaboliz-
ing enzymes. Dr. J. C. Bhandari ard Dr. Jaime L. Sanyer, Associate Veterinary
Pathologists, supervised the necropsy and the histology preparation and per=-
formed the microscopic examination. Mr. Thomas W. Reddig (ASCP certified M.T.),
Laboratory Supervisor, supervised the hematology and clinical laboratory
tests. Mr. Jan L. Minor, Assistant Toxicologist, supervised the computer pro-
gram and analysis of experimental data. Dr. Danny O. Helton, Associate Chemist,
performed the TNG assay in feed. Technical personnel included Robert C. Byrne,
Bruce S. Andersen, Mary A. Kowalski, Francis H. Brown, El%en R. Ellis, Ernesto
A. Castillo, Judith D. Girvin, Patricia L. Wilkerson, Bhanﬁ S. Gosalia, Laurel M.
Halfpap and William M. Bracken.
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ABSTRAC'T

] The effects of TNG after administration up to 13 weeks were

; investipated in dogs, rats and mice. A detailed study on the disposition
and metyholism was performed in rats and the metabolic pathways were con-
] pared in verious species including liver of human cadavers.

In dogs, oral administratfon of 0.0l, 0.1 or 1 mg/kg/day ot
TNG consecutively for 4 weeks and 0.05, 0.5 or 5 mg/kg/day for 9 additicnal
weeks did rot cause any adverse effects, any changes in peripheral blood
elements or clinical laboratory tests, any numerical or morphological 1
aberrations of chromosones in the peripheral lymphocytes or kidney cul-
tures, any change in serum concentration of 1gE, or any lesions. Orai
administration of 25 or 50 mg/kg/day of TNG for 5 consecutive days did
not cause any apparent adverse signs; 100 or 200 mg/kg/day caused cyanosis
lasting a few hours 2 to 3 hours after dosing. In addition, 200 mg/kg/day
decreased the actfvity without any serious effects, All these dose levels
caused formation of methemoglobin which reached peak concentration in 1 to 2
hours. The height of the peaks and the duration of the methemoglobin con- .
centrations were dose-related. Methemoglobin disappeared from the bloed in ;
8 to 24 hours depending upon the dose. Small aniounts of methemoglobin :
remained in some dogs 24 hours after larger doses. Adminictration of )
3 mg/kg/day of methylene blue 2 hours after administration of 200 mg/kg/day ;
apparently prevented the nnthemOglobin formation to reach the high peak.
However, the concentration of methemoglobin persisted for 40 hours or
longer after the administration of TNG.

el =1

In rats, the TNG intake of the males fed the low, middle ard high
levels of TNG in feed averaged 0.8, 6.0 or 59.0 mg/kg/day, respectively,
during the first 5 weeks; and 2.6, 24.5 or 229.5 mg/kg/day, respectively,

during the additional 8 weeks. The TNG intake of the females averaged 0.9,
4 6.4 or 59.3 mg/kg/day during the first 5 weeks and averaged 3.1, 26.5 or
233.8 mg/kg/day during the additicnal 8 weesks. Both the male and female
rats fed the low or the middle level of TNG did not show any adverse signs,
any changes in peripheral plood elements or clinical laboratory tests, or
] lesicns in any tissues related to TNG. The high level of TNG in feed
{ decreased the feed consumption and retarded the weight gain of rats, the
effects were more profound in the males than in the females. In addition,
the high level of TNG caused elevation of SGOT in some rats without any
apparent lesions. These effects on feed consumption, growth and SGOT ware
reversible after discontinuation of TNG feeding for 4 weeks.
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In another study, the rats were fed 2.5% TNG or 25% lactose in
feed for 13 weeks. The TNG intake of the males and females averaged 1.1i7h
or 1,076 mg/kg/day, respectively, during the first week and increased to
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1,588 or 1,773 mg/kg/day, respectively, during the last 5 wesks. Both

the male and the female rats fed TNG consumed less feed, lost weight
quickly, were slightly less active, and had rough hair coat through the
8th week. Thereafter, they started tv gain weight and to recover from
these effects. TNG feeding caused testicular atrophy and degeneration and
aspermatogenesis in the males, and caused some changes in organ weights
in both the males and he females. In addition, both the male and female
rats fed TNG had hemosiderosis in the spleen and/or the liver. Feeding

of 25% lactcse did not cause any adverse signs, any changes in peripheral
bloud elements or clinical blood chemistry tests, any effects on calcium
concentration of the blood or iron content of the liver, or any lesions
related to lactose. However, lactose feeding slightly increased the weights
of caecum of both the male and the female rats.

An average of 59.0 to 59.3 mg/kg/day of TNG in teed for 5 weeks
and 202.4 to 206.2 mg/kg/day for additional 8 weeks did not cause any
numerical or morphological aberrations of the chromosomes in the peripherai
lymphocytes or kidney cultures. Treatment of Chinese hamster ovary cells
with TNG at concentrations which killed 65% or 99% of the population did
not appear o induce any mutations. An average of 1,406 to 1,416 mg/kg/day
of TNG in feed for 13 weeks did not alter the serum concentration of IgE.

In mice, the TNG intake of the males fod the low, middle and high ' ;
levels of TNG in feed averaged 1.3, 11.5 or 106.7 mg/kg/day, respectively,
during the first 3 weeks; and 6.4, 60.2 or 607.2 mg/kg/day, respectively,
during the subsequent 10U weeks. The TNG intake of the females averaged
1.3, 10.9 or 94.9 mg/kg/day during the first 3 weeks and averaged 6.9,
58.7 or 561.2 mg/kg/day during the subsequent 10 weeks., Both the male
and the female mice fed the low, middle or high level of TNG did not
show any adverse signs, any changes in peripheral blood elements or clinc=-
cal blood chemistry tests. Extramedullary hematopoiesis was seen in the :
liver and spleen of mice fed TNG for 13 weeks and for 13 weeks plus re-
covery for &4 weeks.

The metabolic pathwavs of TNG were similar in rats, mice, rabbits,
doas and monkeys. About 50 to 70% of an oral dose of TNG-1,3-" C was ab-
sorbed in 24 hours in mice, whereas 75 to 95% was absorbed in rats, rabbits, N
dogs and monkeys. In rats and mice, the majority of the a%sorbed radiocactiv-
ity was excreted in the urine and expired air. In rabbits, dogs and monkeys, : {
most of the absorbed radiocactivity was excreted in the urine with only
small amounts in the expired air. The radiocactivity was highly concentrated
in the liver of all species. Other tissues, including kidney, spleen, lung
and/or skeletal muscle, also contained significant amounts of radiocactivity.
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Pl TNG and free DNGs were excreted ¢ ..y in small amounts in the urine of

' mice, vats and rabbits, and in si.g'.tly greater amounts in the urine of

dogs and monkeys. Large amounts of unidentified polar compounds and glycerol .
were found in all species. Mice excreted only small amounts of free MWG,
MNG-glucuronides and DilG-glucuronides. Most of the urinary metabolites in
rats and rabbits were free MNG and DNG-glucuronides. Dogs and monkeys ex-
creted mostly free MNGs and MNG-glucuronides.,

B ] S e SO

After oral administration of TNG-l,B-qu to rats, the radio-
activity appeared in the bile in 15 minutes. The rate of biliary excretion
increased with time and reached a peak in 3 hours. The blood concentration .
of radiocactivity continued to increase through the 5th to 6th hour. The
biliary excretion of radiocactivity was high for 2-MNG, ING and 1,2-MNG and
low for 1-MNG and 1,3-DNG. The amount of radioactiwvity remaining the gastro- .
intestinal tract pius contents and in the feces was small.
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TNG was primarily metabolized to DNGs in vitro by livers of §

3 various species. Livers from rats and mice produced more 1,3-DNG than 1,2- - 3

E DNG; whereas, livers from rabbits, dogs, monkeys and humans produced more _i §

] 1,2-DNG than 1,3-DNG. Livers from mice and humans had a lcw ability to P
metabolize TNG. The rat liver quickly metabnlized TNG in vitro to DNGs in - ;
15 minutes. Then the amount of DNCs decreased when the incubation was con- .5‘

tinued for up to 2 hours. WNG was nct appreciably metabclized by liwver in
vitro. The addition of other tissue homogenates, including stomach and

intestines, or pancreas, spleen and kidneys, did not modify the liver to L
metabolize TNG or MNGs in wvitro. Placentas from mice, rats or humans and .

mouse embryo, liver or carcass during late gestation had a poor ability,
relative to liver, to metabolize TNG in vitro. TNG metabolism in rat livers
increased with time after birth up to 7 da;s. The metabolism did not change -
between 7 and 21 days. The ability of rat liver at 21 davs after birth to

metabolize TNG was lower than that of the adult liver.

S SantAR L lhld Ul ol e e A . M O S

Feeding of 0.5% TNG tfor 2 weeks did not affect the liver enzyme(s)
to metabolize zoxazolamine in vivo, nor affected the O-demethylase activity
in the liver in wvitro.

i L L e

Principal Investigator

Cheng~Chun Lee, PhD
Head, Pharmacology aad Toxicology :
MIDWEST RESCARCH INSTITUTE S
425 Volker Boulevard :
Kansas City, Missouri 64110
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INTRODUCTIOM

Under Contract No. DAMD-17-74-C-4G73, entitled "Munition
Compounds Mammalian Toxicity Study,'" we conducted Phase 1 stydies on
ti + effects of acute exposure of various munitiou vompounds.= During
Phase 1I, we studied the effects of multiple exposure of selected com-
pounds including trinitroglycerin (TNG), 2,4~dinitrotoluene (2,4~DNT),
2,6-dinitrotoluene (2,6-DNT) and nitrocelliulose (NC). Subacute and sub-
chronic toxicities were perfcrmed in dogs, rats and mice to determine
the maximum tolerated dose and to define the biological nature and tar-
get organ(s) of the toxic effects. Reversibility of any adverse effects
was determined. Mutagenicity of the compound was assessed. Immunologic
response was studied by the detection of the serum IgE antibodies.
Effects of the test compound on drug metabolizing enzymes were investi-
gated in in vivo and/or in vitro studies. A detailed study on the dis-
position and metabolism of the radiolabeled compound was performed in -
rats; the metabolites were isolated and identified. Comparison in the
pathways of biotransformation was also studied in vivo in micé, rabbits,
dogs and monkeys and in vitro system using tissues of the various species
including the liver of human cadavers. Special studies were also per~
formed to elucidate certain adverse effects. This report summarizes the
results of Phase II studies on TNG.
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I. DOGS

A. Subacute and Subchronic Toxicities and Reversibility

1. Introduction

These studies were periormed t¢ define the nature and extent of
effects of TNG on the biological system at the biochemical and cellular
levels and to elucidate the dose-response relationship in the dogs after
administration for 4 weeks and 13 weeks. The reversibility of any adverse
effects was studied after the treatment of ING was discontinued for
4 veeks.

2. terial and Methods

a. Number of Dogs, Sex and Treatment

A total of 32 young healthy beagle dogs (dazelton Research
Animals, Cumberland, VA) weighing between 6.6 and 11.8 kg were used for
these experiments. The doys were conditioned and observed carefully in our
animal quarters for 3 weeks after their arrival from the supplier. They were
divided into four groups, each consisting of four males and four females.
The average weights of all groups were kept close.

Three groups of dogs were given 0.Cl, 0.1 or 1 mg/kg/day of
TNG in capsules. TNG was desensitized in lactose zs 10% mixture (SCM No. 17,
Atlas Chemical Division, ICI America Ine., Wilmington, DE) and the lactose
mixture was weighed twice weekly for individual dogs throughout the study.
At the end of 4 weeks, adverse effects were not observed in any dogs. 3tart-
ing the 5th week TNG doses for all groups were increased 5-fnld to 0.05, 0,5
or 5.0 mg/kg/day, respectively. The &4th group serwved as the controls and was
given empty capsules daily thoughout the experiments. Purina dog chow and
water were available ad libitum, except wherever specified.

b. Experimental Procedu: s

All dogs were observed daily for behavioral changes and toxic
signs. Body weights of all dogs were recorded weekly. Blood, urine and fecal
samples were collected for laboratory tests three times before treatment at
weekly intervals and at 4, 8, 13 and/or 17 weeks during experiment. The tests
included hematology, clinical blood chemistry tests, serum electrolytes,
urinalysis, and presence of occult blood. For fasting blood glucose, the dogs
were fasted overnight for 16 hours. At termination, the dogs were euthanized
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with an overdose of pentobarbital sodium and examined for gross lesionms.
Weights of liver, spleen, kidneys, adrenals and gonads were recorded, and
organ weight to body weight ratios were calculated. Various tissues were
removed, fixed, processed, sectioned and stained for microscopic examination
of lesions. The procedures for hematology, clinical blood chemistry tests,
urinalysis and histopathology, and the normal values are given in Appendix I,

2+ 2+ + +-
The concentrations of Ca , Mg , Na and K in serum were

determined with the at absorptivn spectrophotometer, according to the
procedure used by Pybus,= originally described for Ca and Mg. The resonance
lines used for the analysis of each of the elements are: Ca, 4227 A; Mg,

2852 %; Na, 3302 &; and K, 7665 X. Sodium was determined by using the 3302

line rather tha. the more sensitive 5890 ﬁ line to avoid large dilutions of the
serum. In this way, Ca, Mg, and Na were determined after a 50-fold dilution
(0.2 mg serum to 10 ml) of the serum with 1,000 ppm strontium in 0.1 N perchloric
acid. Potassium was determined after a second dilution (1:1) or a totel of
100-fcld dilution. Phosphate interference and the interference of sodium on
potassium was eliminated by the addition of strontium. The perchloric acid

was used to remove protein interference. The serum chloride concentretion was
determined with a Buchler-Cotlove chloridometer.

Bromosulfophthalein (BSP) retention test was performed at ter=-
mination. A single dose of 5 mg/kg of the sterile test dye (Dade, Miami, FL)
was injected intravenously following fasting for 16 hours. Serum level of the
dye at 15 minut§7 was determined and the percent of retention in the plasma

was calculated.

The results of the wvarious parameters were compared with the
respective baseline levels and/or with those of the control groups at the
respectiveayime interval according to the Dunnett's Multiple Comparison

Procedure.~

c. Experimental Design

At the end of 4 and again at 3 weeks of continuous treatment,
one male and one female dog irom each group were to be euthanized for nerronsy.
The treatment fur one other male and female dog from each group was to he dis-
continued at the end of 4 and 13 weeks and they were to be euthanized at

the end of 8 and 17 veeks, respectively, to study the reversibility of any
adverse effects.

Since adverse effects were not observed in any dogs and TNG-
related lesions were not found in the dogs tha: were euthanized for necropsy
at the end of 4 weeks, the treatment ‘or one male and one female dog from only
the high dose group was discontinued to study reversibility. These two dogs

6
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were euthanized at the end of 8 weeks. All other dogs were continued

on treatment. At the end of 13 weeks, one male and one female dog from
each group were euthanized and the treatment for all other dogs was
discontinued. Since TNG treatment for 13 weeks did not cause any adverse

effects or lesions, the dogs that were kept for the study of reversibility
were not euthanized for necropsy at the end of 17 weeks.

3. Results 3

a. General Observations and Weight Gain

The control dogs and the dogs receiving daily various doses 3
of TNG were healthy rhroughout the treatment periods of & or 13 weeks, 3
respectively. Their body weights before, during and after treatment are
summarized in Table 1., These dogs consistently gained weight.

b. Blood Analysis

Since the hematology and clinical blecod chemistry results of
the male dogs and the female dogs were not significantly different, the
data of both sexes from the control group and the groups treated with low,
middle and high doses of TNG were combined for discussion and are summarized
in Tables 2 through 5, respectively. The peripheral blood elements and ‘
various clinical chemistry value were not apparently altered by TNG. How- 4
ever, when compared with the baseline levels within the grcups, or when
compared with control dogs at respective time intervals, there were a
number of changes. These changes were slight and inconsistent and occurred
in both the control dogs and the dogs treated with TNG.
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Thie treatment for one male and one female dog from only the
high dose group was discontinued after 4 weeks to study reversibility of
any adversz effects. The peripheral blood elements and clinical chemistry
values of these dogs treated with high dose of TNG for 4 weeks (Table 6)
and of dogs treated with low, middle and high doses of TNG for 13 weeks

(Table 7) after allowed to recover for 4 weeks were not apparently different
from those of the control dogs.

ENEIRTIRATERIPIIO TS~ S s
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Methemoglobin concentration and Heinz bodies in the erythro- ﬁ
cytes of these dogs were negative at the end of 4, 8 and 13 weeks of treat-
ment. All blood samples were taken 21 hogps ai&gr tgi preced}ng doses of
TNG. Serum electrolytes including Na , K, Ca , Mg and Cl were deter-
mined at the end of 4 weeks and again at 13 weeks. As shown in Table 8,
the various electrolytes were not apparently altered during treatment.




L hciainl bttt St bttt et e e S e Tl GC IR R R ARt LR S T e Tras

¢. BSP Retention

BSP retention was determined for the dogs terminated at the
end of 4 2nd 13 weeks. The results are summarized in Table 9. TNG did pot

cause any apparent retention of BSP in these dcgs.

d. Urinalysis and Fecal Examination

The results of urinalysis of the control dogs and dogs treated
with various doses of TNG are summarized in Tables 10 through 13. Small
amounts of protein, erythrocytes, leukocytes, and/or epithelial cells were
occasionally present in the urine of both the control and the treated dogs

before and during treatment.

The results of fecal examination are summarized in Table 1l4.
Occult blood was occasionally found in the feces of the conlrol and the
treated dogs before and/or during treatment.,

e. Organ Weights

The absolute and relative organ weights of all dogs terminated
during the experiment nre summarized in 15 and 16, respectively. Treatment
of TNG did not cause any appareat change in the organ weights. The difference
in the weights of testes was related to the age and maturity of these dogs.

f. Gross and Microscopic Examination of Tissues

The dogs terminated for necropsy at various times were in good
nutritional condition without any apparent gross changes. At the end of
4 weeks, one dog (No. 31) treated with 1.0 mg/kg/day had a mild subacute
inflammation in the liver and a mild thyroiditis (Table 17). These lesions
were not considered to be related to TNG. The other dogs were healthy with-
out any lesions. The bone marrows and the myeloid/erythroid (M/E) ratios of
all dogs were normal.

At the end of 13 weeks, a number of spontaneous lesions
occasionally occurred in both the control dogs and dogs treated with TNG.
One control dog (No. 5) had severe pneumonia, a moderate tonsilitis and a
mild hyperplasia of the prescapular lymph node (Table 18). The other con=
trol dog (No. §) had a mild subacute inflammation of the lung. One dog
(Ho. 11) treated with the low dose of TNG had a mild hyperplasia of the
mesenteric lymph node, one dog (No. 19) treated with the middle dose had a
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mild tonsilitis, and one dog (No. 28) treated with the high dose had a mild
pneumonia and a congenital hypoplasia of one testis. The bone marrows and
the M/E ratios of these dogs were normal.

4. Discussion and Conclusions

I
l
][

f
1

In dogs, daily treatment of 0.01, 0.1 or 1.0 mg/kg/day of TNG for
4 weeks and 0.05, 0.5 or 5.0 mg/kg/day for 9 additional weeks did not cause
any adverse effects. All dogs continued to gain weight during the treatment
period. Peripheral blood elements and various clinical chemistry tests of

=9

& the blood, including BSP retention, did not show any apparent changes.
Urinalysis and fecal examination for occult blood did not rewveal any ab-
- normality. TNG did not cause any gross or microscopic changes in tissues

after treatment for 4 or 13 weeks.
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B. Effect of TNG on Methemoglobin Formation

LA

T 1. Introduction

It is known that TNG causes methemoglobin formation in maan. This

experinent was designed to administer larger doses of TNG for 5 consecutive
P days. Blood samples were collected at various intervals after each dose for
S the measurement of methemcgiobin corcentration to determine: first, the
dose-response relationship if methemoglobin is formed; second, the dizappear-
i ance rate of methemoglobin from the blood; third, the effects after repeated

- administrations. In addition, the protective effect of methylene blue on TNG
ji induced methemoglobinemia was investigated.

i .

2., Material and Methods

E e
v

: A total of 16 young adult beagle dogs (Hazelton Research Animals,
Cumberland, yA) weighing between 8.8 and 14.Z kg were used and conditioned 1
in our animal quarters for 3 weeks. They were divided into four groups, each
consisting of two males and two females. Each group was given 25, 50, 100 or
200 mg/kg/day of TNG for 5 censecutive days. TNG was desensitized as 10%
mixture in lactose and was giver in capsules. Purina dog chow and water were
available ad libitum.

|
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After each dose, blood samples from all dogs were taken at 0.5, 1,
2, 4, 8, 16 and 24 hours for the determination of methemoglobin and total
hemoglobin concentrations. To study any protective effect on methemoglobin
formation, 3 mg/kg of methylene blue (USP water solution for injection) was
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injected intravenously to the dogs 2 hours afte= administration of 2CO
mg/kg/day of TNG on the third day. Collection of samples was continued for the
determination of methemoglobin and total hemoglobin cor:entrations and treat=-
ment with TNG for these dogs was discontinued on thei4th und 5th days.

3. Results

After treatment of 25 mg/kg/day of TNG, methemoglobin appeared

1 to 2 hours after dosing each day and reached peak concentrations of 2.8 J
to 8.7% of total hemoglobin at 4 hours (Table 1G). Methemoglobin disappeared
} from the blood 8 to 16 hours after daily TNG dosing. Small amounts of methemo~ E
globin appeared again in some dogs 24 hours after the third dose. ]

After treatment of 50 mg/kg/day of TNG, methemoglobin also appeared
1 to 2 hours after dosing each day and élso veached peak concentrations at
4 hours (Table 20), The Jaily peak concentrations averaged 9.2 to 15.0% of
tot2l hemoglobin. Similarly, methemoglobin disappeared from the blood 8 to

16 hours after administraticn of 14G.

After treatment of 100 mg/kg/day of TNy, these dogs became slightly : ]
cyanotic 2 to 3 hours after dosing each day and the cyanosis lasted fc» a 1
couple uof hours. Methemoglobin appeared in the blood earliex, i.e. 0.5 to 1 ‘ 3
hcur afier dosing (Table 21). Metliemoglobin concentrations progressively ;
increased with time and reached peals of 24.7 to 42.6% <¢f total hemoglobin ;
at 4 hours. The concentrations of methemoglobin remained high at 8 hours aud
decreased thereafcer. Small amounts of methemoglobin remained in some dogs

pilgodiects il

24 hours after admin_stratio.. of TNG.

After creatment ol 200 mg/kg/day of TNG, tl.ese dogs exhibited
cyanosis and inactivity 2 to 3 hours after dosing each Jay without any serious
effects. They returned to normal in several hours. Methemoglobin appeared
within 1 hour on the first day and reached peak concentration of 28.3% of
total hemoglobiu at & hours (Table 22), Methemoglobin disarpeared from the
blood 8 to 16 hours uttar doring. On the second day, methemoglobin concentra-
tion quickly increased %o 25.9% of total hemoglobin at 2 hours after dosing
and reached 50.7% at &4 hours. The methemoglobin decreased slowly ana dis-
appeared fr m the blocd by 24 hours. Ou the third day, methemoglobin concentra-
tion increaced to 3.0% at 2 hours. At this time, 3 mg/kg of methylene blue
was injected intravenously to each dog. Instead of increasing quickly to a
peak, the methemoglobin concentration decreased slightly and remained rela-
tively high through 16 hours after administration of TNG. Thereafter, it :
decreased to 3.6% and did not disappear from the blood until 40 hours after

last TNG dosing. . |
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Methemoglobin concentrations of these dogs after daily treatment i
of various doses uof TNG on the first through the 4th days are better illus-

trated in Figure 1, }

TR "

4. Discussion and Conclusions

Oral administration of 25 or 50 mg/kg/day of TNG for 5 consecutive
days did not cause any apparent adverse signs; 100 or 200 mg/kg/day caused
cyanosis lasting a few hcurs 2 to 3 hours after dosing. In addition, 200
mg/kg/day decreased the activity withouc any serious effects. All these

I doses quickly caused formation of methemoglobin. Methemoglobin concentru-

tions reached peaks in 1 to 4 hours. The height of the peaks and the dura- !
tion of the methemoglobin concentrations were dvse-related. Methemoglobin
disappeared from the tlood 8 to 24 hourz depending upon the dose. Smai'’

amounts of methemoglobin remained in some dogs 24 hours after larger doses. .

Eoi e L

After 25, 50 or 100 mg/kg/day of ING for 5 consecutive days, there
appeared no tolerance in the formation of methemoglobin nor was there any
accumulative effect on the fermation of methemoglobin. However, after 200
mg/kg/day of ING, the methemozlobin concentrations on the seconi day were
considerably higher than those on the first day and the methemoglobin at
2 hours on the third day was higker t n that on the second day. This probably in-
dicates some accumulative effect of .G on the formation of methemoglcbin.

o it v

s

Administration of 3 mg/kg of methylene blue 2 hours after
administration of 200 mg/kg of TNG apparencly vrevented the methemoglobin
formation to reach the high peak. However, the concentration of methemoglo-
bin persisted for 40 hours or longer after the administrarion of TNG.

T TR SR L R T AT

C. Cytogenetic Effect of TNG

1. Introduction

The cytogenic effect of TNG on somatic cell chromosomes was
studied. The lymphocyte and kidney cultures from dogs treated with repeated

I doses of TNG were obtained and examined for any damage,

TR P R T SR Sy A

2. Material and Methods

a. Aanimals

Dogs tyeated with the high dose of TNG from the subacute and
subchronic toxicity studies were used. These dogs were administered 1
mg/kg/day of TNG for & weeks and 5 mg/kg/day for 9 additional weeks.
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b. Lymphocyte and Kidney Cultures

At the end of 4 and 13 weeks, blood samples were aseptically
drawn from the jugular vein cf both the control and treg;ed dogs. The lym-
phocytes were cultured by the methcd of Moorhead et al.= Kidney tissue
samples were g7maved at necropsy and cultured by the trypsinization method
of Fernandes.™ All cyltures were maintained in Eagle's medium as modified
by Vogt and Dulbecco.~

c. Chromosome Analysis

Actively dividing kidney cultures and phytohemagglutin-
stimulated lymphocytes were arrested in metaphase by short-term colchiciue
treatment. The cells were trypsinized, swollen in hypotonic solution, and

processed for spreading on glass slides by the method of Mocrhead and Nowell,=

Slides were stained with giemsa and scanned under low power optics. Cell
polyploidy was estimated by examination of 200 cells. Slides showing min-
imum scattering of cells in metaphase were selected for analysis under

oil immersion optics. Chromosomes were counted and morphological aberra-
tions were examined from photographic negatives of up to 50 metaphase cells.

3. Results

The results of numerical . and morphological abeirations of chrom-
osomes are shown in lables 23 and Z«4, respectively. Dogs treated with TNG
did not show any apparent changes in the chromosome frequency distribution
or number of tetraploids or any apparent changes in thechromatid breaks or
translocations, in the peripheral lymphocytes or kidney cultures.

4, Discussion and Conclusion

Admirist-ation of 1 mg/kg/day of TNG for & weeks and 5 mg/kg/day
for 9 additiowﬁl 4eeks in dogs did not appear to cause any numerical or
morphological aberrations of chromosomes in the peripheral lymphocytes or
kidney cultures. However, only a few dogs were terminated and studied at
the end of 4 and 13 weeks.

D, JImmunologic Response to TNG

1. Introduction

In human, apgphylactic reactions were associated to a high immuno-
globin E (IgE) titer.=~ IgE, the allergic or hypersensitive antibody, of
dogs ireated with TNG was determined.

12
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2. Materia) and Methods

The immunodiffusion technique of Mancini gg.gl,lg/ was used for
determination of serum IgE titex. Replicate 1 ml samples of serum from the
control dogs and dogs treated with various doses of TNG at various intervals
were placed in wells in an immunodiffusion chamber along with suitable stan-
dards. These dogs were used for subchronic and subchronic toxicity studies
as described in Section I.A. The diffusion chamber was incubated at 37°C for
48 hours and Lhe diameter of the precipitin ring was measured. Since the
square rouvt of the diumeter is directly proportional to the concentration of
the antibody, the IgE concentration was quantitated with the standard anti-
body reagent.

3. Results and Conclusion
The results of IgE concentration of control dogs and dogs treated
with TNG are summarized in Table 25. Treatment of various doses of T™NG for

4, 8, and 13 weeks did not cause any apparent changes on serum concentration
of IgE.
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TABLE 2

LABORATORY DATA OF CONTROL DOGS FOR _TNG

4 = Gy g o

(BaN) MASELINE
{CaN) CONTROL
‘ N = NUWRER OF DOGS
' WKS ~2-0(He A) WKS 4 (Cy 8) WKS A (Cy &) WKS 13 (C> &)
ERYTHROCYTES uioﬁmn‘ .98 s .25 478 s 425 S.46 s 419 bel8 & o118
1 RETICULOCYTES, & 78+ 07 cle s J08 w9 ¢ L0 W81 & 409
- HEMATOCRIT, VOL. % 61.R & 1.3 4lel ¢ 1e2 40,3 ¢ 1.0 4,0 ¢ 41
- “‘ HEMOGLOAIN, GM, % 13.9 & .6 140 ¢ o5 14,0 & 2 15.0 & o
g MCVe CUBIC MICRONS 84,4 3 2.1 87.9 s+ 4.8 Thl s 2.5 1.2 & 147
- MCHHs MICPO MICROGMS. 28,2 3 R 29.8 & 1.5 25,8 s .8 20,6 5 .6
p ,i MCHACe G & s s .68 L2 3400 2 2 My WY M2 o i
PLATELETS (X10 /MM ) 2.5 v L2 2.1 ¢ W2 2,28 .3 2,1 s 43
St LEUKOCYTES (x10 /#m ) 13.1 ¢ 1.0 9.7 s 28 12,0 ¢+ 1.0 12,1 ¢ «6 (
L NEUTROPHILS. % 5847 ¢ 3.0 S8.9 ¢ 241 58,5 s 4,5 55,5 + 5,1 '
; LYMPHOCYTES, 35.9 & 3.1 I.e s 241 32.0 s 2.5 39.8 & 5.0 :
- BANDS« % 1.7 ¢+ .6 0.0 + 0.98 3 W 0,0 s o0.0% :
B MONOCYTESs % las 2 .3 1@ 2 .5 2.3 ¢ 1,1 ' 6.0 & 0.0
L L. EOSINOPHILS . % 2.0 3 .4 49t oh 7.0 4 3,0% 4.8 ¢ 1.3 ,
AASOPHILS, % 0.0 &+ 0,0 0.0 ¢ 0.0 9.0 3+ 0,0 0.0 & 0.0 ;
-~ ATYPICAL, & 0.0 &+ 6.0 0.0 3 04D 0.0 + 0.0 0.0 & 0.0 {
am NUCLEATED RACy % 0.0 ¢ 0.0 0.0 » 0.0 0.0 + 0,0 0.0 ¢ 0.0 , ;
; CLOTTING TIME, MIN, 43 s .3 a5 s 4.5 s .5 8.6 2 9% !
- GLUCOSE (FASTING)« MG & 85.7 s 2.2 85,8 s 2.A 89.3 + 2,1 om0 s 1,8Y
60T, jusL 32.2 s 1.8 29,5 & 2.2 25.0 ¢ 1.8 210+ 1.2Y ,
SGPTs TU/L 0.9 s 1.8 31,1 ¢ 2.0 26,0 + 2.2 2003, Y j
ALK. PHOS., I1U/L 6 e 3 YR s s &% 58 , 58 ‘
i BUNe MG % 1541 ¢ 9 13.1 & oA 15.3 + 1,3 14.5 ¢ 1,0
ENTRIES ARE MEAN s STANDARD FRROR '
WKS -2-01Ay 8) IS THE AVERAGE OF WEEKS 24 1o AND 0 POIOH TO TREATMENT. ;
t
8/ significantly different from the basecline level (Dunnett's multiple comparison procedure y). 4
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TABLE 6

LABORATORY DATA OF DOGS TREATED WITH TNG FOR 4 WEEKS AND ALLOWED TO

(C,N) CONTROL

DOSE: MG/KG/DAY
ERYTHROCYTES (X106/MM
RETICULOCYTESs %
HEMATOCRITs VOL. %
HEMOGLOBINs GM. %
MCVe CQBIC MICRONS

MCHHe MICRO MICROGMS.

MCHBCy GM %
5 3
(X10 /MM )
3 3
(X10 /MM )

PLATELETS
LEUKOCYTES
NEUTROPHILSY %
LYMPHOCYTES, %
BANDSs %
MONOCYTES. %
EOSINOPHILSs %
BASOPHILS. %
ATYPICAL. %
NUCLEATED RBCs %
CLOTTING TIMEs MIN.
GLUCOSE (FASTING) »
SGOVe TU/L
SGPTs IU/L

ALK. PHOS,e IU/L

BUNs MG %

ENTRIES ARE MEAN

3

)

MG %

RECOVER FOR 4 WEEKS

(T,N) TREATED

0 (Cy 2)

41.0
13.6
4.0
31.3

33.3

108.%
24.0
28

53

13.5

19

N = NUMBER OF DOGS

1.0(Te 2)

444

57
40.0

13.3 '
90,0

29.9

3.2

2.5

8.2

5740

36.5

1.5
540
0.9
9.0
5
643
102.5
2440
29

40

14.0
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TABLE 8
SERUM ELECTROLYTES Oi* DOGS TREATED WITH TNG
Dosed/ Serum Electrolytes (meq/f)
(mg/kg/day) Na K Ca Mg cl f
;efore Treatment (8 dogs/group) . ?
Control 153*1="  4.5:0.2 5.5:0.1 1.640.0 10731
0.01-0.05 148+1 4,740.1  5.540.1 1,540.1 103:1
0.1-0. 15141 4.440.1 5.5;0.1 1.5;40.1 105:1
1.0-5.0 15041 4.5:0,1 5.7.0.1 1.540.0 104yl ]
L
Treatment for 4 Weeks (2 dogs/group)
Control 150€ 5.1 5.7 1.5 103
0.01-0.05 151 5.2 5.6 1.6 105
0.1-0.5 151 4.9 5.5 1.4 103
1.0-5.0 145 5.1 5.4 1.5 105 3
Treatment for 13 Weeks (2 dogs/group) !
Control 145% 4.9 5.4 1.7 105 1 ;
0.01-0.05 148 4.9 5.4 1.5 107 ~
0.1-0.5 146 4.9 5.6 1.7 109 .
1.0-5.0 146 4.8 5.6 1.6 108 :
a/ Doses were increased 5-fold starting the 5th week. J
b/ Mean 4 S,E, ﬁ
¢/ Mean.
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TABLE 9

BSP_RETENTION QF D TREATED WITH TNG 3:

Dosegl

(mg/kg/day) Dog No. % Retention

At the end of 4 weeks
Control 1
Control 2
0.01-0.05 15
0.0 5 16
23 1
24
31
32

o

it ol e "’ drkui

wmi SO PN~
iliCiaacing

0
0
1
i

wnwwnmooo
oo wun o

1-
.1-
1=
.0-
.0~

.
-
.
.
.

At the end of 13 weeks
Control 5 3

Control 6 5
0.01-0.05 11 3
0.01-0.05 12 4 3
0.1-0.5 19 4 1
0.1-0.5 20 3 4
1.0-5.0 27 4 3
1.0-5.0 28 5 i

;7 Doses were increased 5-fold starting : 3
the Sth week. ‘
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Numbers indicate n mber of dogs or dog numbers (in parenthesis).
a/ Normal, 10 or ess cells; moderate, 10-~100 cells; excessive,
> 100 cells/ ield (x 440).
2/ Normal, 5 o. less cells; moderate, 5-25 cells; excessive,
> 25 cells/field (x 100).
¢/ Normal, none; moderate, 1-5 crystals; excessive,>5 crystals/
field (x 100).

TABLE 10
]
URINALYSIS OF CONTROL DOGS FOR TNG i “
Dose: Bmpty Capsules 3
Treatment Weeks ; j
) 4 [8 [ 1 i %
Glucose: Negative 8 8 6 4 : 3
< 250 mg % 0 0 0 0 ‘ 1
_____ 220mg % _}_ 0 __}_0_J1 o0 | _0__ :
Protein: Negative 6 8 W 6 4 ; 3
< 100 mg % (4,8) 0 0 0 i 3
_____ >100me % _}_ 0 _}_o_Jfo } o | L
Microscopic Exzamination i §
RBC2/: Normal 8 8 6 4 i
Moderate 0 0 0 0 § ;
- - — o — Excessive | _ o__4_0_J0 ¢ _0_ | ! ;
wec27:  Normal 7 6 6 3 i 3
Moderate (5) (6,8) 0 %)) ; ;
- ——__Excessive _ _ 1 __O__4{ _O0_1 O 1 _O_ | ! ;
Epitheliuml’s Normal 3 4 5 1 i 1
Moderate | (5,6) |(1,2,8)] (3) |(5,6,7) § 5
e m— - Excessive | (4,7,8) | (6)_{ 0 | 0 _ | i
CrystalsS/:  Normal 8 8 6 A i 3
Moderate 0 0 0 0 i 3
e _ _Excessive | _ 0 _| _0_lo_ | _o_| o
Casts: Negative 8 8 6 4 1 |
o _eostrve___l_o | _o_lo ] o 3
- !
¥
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TABLE 11

URINALYSIS OF DOGS REFORE AND DURING AIMINISTRATION OF TNG ‘
DOSE: 0.01-0.05 mg/kg/day .
(Dose was increased 5-fold starting the 5th week) .

Treatment Weeks is §
0 4 8 |1

Glucose: Negative 8 8 6 4 i

< 250 mg % 0 0 0 0 !
e 220mg % _ )0 ___ ] O_ __4J-_0_JjJ_90__.
Protein: Negative 8 8 6 4

< 100 mg % 0 0 0 0
_____ 2100mg % _ | O___l. o __J_0_4_0___
Microscopic Examination
RBC2/: Normal 7 8 6 3

Moderate (14) 0 0 (11)
- —— — BExcessive _ _ | O __ _ | | O __{-0_4J_0__ i
wecd/: Normal 7 7 5 1

Moderate (14) (12) 0 (9,10,11)
———— - Excessive _ _ 0 ___1 O __ (& _J_0_ __
Epitheliun®/; Normal 4 5 s |1

Moderate |(9,13,14) |(14,15,16)| (14) (9,10,11)
e e Excassive 1(16) _ _ | O___ | o0 __3_0_ _ |
CrystalsE/: Normal 8 8 6 4
Moderate 0 0 0 0

e e Excessive ) 0 _ _ _ | | o___J o_4_90_ __
Casts: Negative 8 8 6 4
o _Posittve __ |l o___{ o __J.o_J_o__]|

Numbers indicate number of dogs or dog numbers (in parenthesis),

a/ Normal, i0 or less cells; moderate, 10-100 cells; excessive,
> 100 cells/field (x 440).

b/ Normal, 5 or less cells; moderate, 5-25 cells; excessive, >25 cells
/field (x 100),

¢/ Normal, none; moderate, 1-5 crystals; excessive,>5 crystals/field
(x 100).
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3: TABLE 12 i
-
URINALYSIS OF DOGS BEFORE AND DURING ADMINISTRAILION OF ING ]
5 DOSE: 0.1-0.5 mg/kg/day , j
§'-' (Dose was increased 5-fold starting the 5th week) : E
; Treatment Weeks b
N 0 4 8 13 D
§f Glucose: Negative 8 3 6 4 §
- < 250 mg % 0 0 0 0 :
_____ >250mg % _ |_O0___1l o ___Lo__l o___ Py
%ﬁ Protein: Negative 8 8 6 4 P
~ < 100 mg % 0 0 0 0 :
- e 2100mwg % _ J_O0___J O ___LO0___0___ P
i Microscopic Examination ;]
bl Rcd/: Normal 8 8 6 4 1
Moderate 0 0 0 0 L
T meo _Excessive _ _ _o___ 1o ___lo__|[_o___ P
- wecd/  Normal 3 8 6 4 b
Moderate 0 0 0 0 i
_____ Excessive _ _ | _O0__ _ 4.0 ___LOo__[_0___ i
Epithelium®/: Normal 3 4 5 2 :
Moderate | (18,20,22) [(18,20,23) |(21) (19,20) ;o
________ Excessive | (17,24) _ J(26) _ . _L O _ _|_0_ _ |
Crystalsc/: Normal 8 8 6 4 X §
Moderate 0 0 0 0 :
________ Excessive | O __ _ 1.0 _ __LO0__f_O0_ __ ,
Casts: Negative 8 T78 6 4 ;
m e _Postrtye ___l_o___1_ o____Lo__l_o__/ 1
Numbers indicate number of dogs or dog numbers (in parerthesis). :
a/ Normal, 10 cr less cells; moderate, 10-100 ceils; excesiive,

> 1C0 cells/field (x 440).
b/ Wormal, 5 or less cells; moderate, 5-25 cells; excessive, > 25
cells/fleid (x 100).
¢/ Normal, none; moderate, 1-5 crystals; excessive,>5 crystals/
fi=1ld (x 100).
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TABLE 13

OF 3 Q \ :RING ADMINISTRATION OF TNG

DOSE: 1.,01-5.0 mg/kg/day
(Dose was increased 5-fold starting the 5th week)

Treatment Weeks

0 4 8 |13
Glucose: Negative 8 8 6 4
< 250 mg % 0 o 0 0

e >250mg % _ _[_0_ _ _|__ o ___Lo__{_o___
Protein: Negative 6 7 6 4
< 100 mg % (28,32) (27) 0 0

————— 2100mg % _ f_0_ _ _j_ o ___Jo__|_o___

Microscopic Examination

RBCZ/: Normal 6 7 5 4
Moderate . (28,31) (31) {30) 6

- = — Excessfve _ _ | 0 _ _ _|_ | o ___ |0 __j-9___
wicad/:  Normal 6 7 5 4
Moderate (25,31) 0 (30) 0

-~ =~ Excessive __ | O _ _ | (3 __ _[ 0 __} O0_ __
Epitheliumh/: Normal 4 4 5 2

Moderate [(28,32) (28,29,31) [(30) (25,27)

———m e Excessive 1(26,30) | _(32) _ __[ O _ _| O _ _ _
CrystalsS/: Normal 8 8 6 4
Moderate 0 0 0] 0

——— e m— - Excessive | O _ _ j_ o ___|-o9__j-9___
Casts: Negative 8 8 6 4

o _ _Positive _ _ _ _|_o___|__ o____lLo__lo___

Numbers indicate number of dogs or dog numbers (in parenthesis),
a/ Normal, 10 or less cells; moderate, 10-100 cells; excessive,
> 100 cells/field (x 440),
b/ Normal, 5 or less cells; moderate, 5-25 cells; excessive, >25
cells/field (. 100).
¢/ Normal, nor-», moderate, 1-5 crystals; excessive,>5 crystals/field
(x 100).
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TABLE 14
DETECTION OF FECAL BLOQD IN DQGS BEFORE AND .
DURING ADMINISTRATION OF TNG 3
Do:e‘!/ Presence of e _Treatment Wesks 41
(mg/kg/day) Facal Food 90 4 8 13 ,
b/
Control Negative 6~ 8 4 2 :
Positive (2,4) 0 (6,8) 0 %
3
0.01 - 0.05 Negative 7 6 6 2
Positive (12) (10,11) 0 0
0.1 - 0.5 Negative 5 8 6 2
Positive (18,22,23) 0 0 0 f
1.0 - 5.0 Negative 5 7 6 2
Fositive (25,30,32) (29) 0 0

a/ Dotes were increased 5-fold starting the 5th week.
b/ Numbers indicate number of dogs or dog numbers (in parenthesis).

27

FIE DAY - e e e e A i { A nd i b AT A . PO

[ v on om v o s s e e M Pm om m me S BB e m e




I

< & A i

o A o+ < eyt ns g e e ememes e« ey m = e o

TABLE 15

ABSOLUTE ORGAN WEIGHTS OF DOGS TREATED WITH TNG

Terminal
Dosed/ Dog Body Weight Absolute Organ Weights (gm)

(mg/kg/day) No. (kg) Liver Spleen Kidneys Adrenals Ovaries Testes

Treated for 4 Weeks

W i mmm m e G G me SR W e W M e me SR T e SER Wt SEr M e EEE T T Bae e G e e e emm . mee e

Control 1 7.3 209 54 35 0.98 0.52
-~ tontrol 2 __11.1 291 _ 42 _ 46 _ _0.83 _ _ _ _ _ 3.67_
0.01 15 8.4 170 31 41 0.99 0.61
Q01 16 _10.1 241 39 41 _ _0.95_ _ _ _ _ _ 2.69_
0.1 23 9.5 247 58 53 0.98 0.73
-1 ___ 2 __108 _ _ 325 __69_ _ 45 __1.01__ _ _ __ 11.00_
1.0 31 10.4 275 68 46 0.98 0.73
~Lo___ .32 __1l.2 325 __78_ _ 62 _ _0.8__ __ __ 17.00_
Treated for 4 Weeks and Allowed to Recover for 4 Weeks
1.0 29 10.4 242 42 42 1.06 1.10
2o __ 30 __12.0 _ __ 278 __36___S50  _07\__ __ __ 16.00_
Treated for 13 Weeks
Control 5 9.0 248 60 44 1.22 0.82
Control _ _ _ 6 _ _11.0 _ _ _ 294 _ _84__ 44 _ _ 0.85__ _ _ __ 18.0 _
0.01-0.05 11 8.6 218 68 42 1.00 0.67
0.01-0,05 _ 12 _ _11.1 _ _ _ 230 _ _114_ _ 42 _ _0.94__ _ _ __ 12.0 _
0.1-0.5 19 9.0 238 58 -~ 1.16 0.68
0.1-0.5_ _ 20 __11.6_ _ __ 282 _98__ 50 _ _1.10__ _ _ _ _ 22.0 _
1.0-5.0 27 9.6 258 30 46 0.96 0.81
1,0-5.0 28 13.8 300 70 66 1.34 17.4

e e mh v e e e e e v TES wwe . S G mam  Gem e e G wmm Gam e wem emm mm e mm R e mma mme wen e e evm e

gj Coses were increased 5-fold starting the 5th week,
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TABLE 16

RELATIVE_ORGAN WEIGHTS OF DOGS TREATED WITH THNG

Doseﬁj Dog Relative Organ Weights (gm/kg Body Weight)
(mg/kz/day) No. Liver GSpleen Kidneys Adrenals Ovaries Testes

Treated for 4 Weeks

- . e e G e Em e e WY W G ey G G e D M G fEm G mer Y GNP GER SEe G GEe SEr ewn e wes M L M e e

Control 1 28.7 7.4 4.8 0.13 c.07

Control _ _ _ 2 _ _26.2 _3.8_ _ 4.2 _ _ _ .07 _ _ _ __ __ 0.33 _
0.01 15 20.3 3.7 4.9 0.12 0.0;
e.o1__ _ _ _ 16 _ _23.9__3.9_ __4.1__ _ __ .10 _ _ __ ___! 0.27 _
0.1 23 26.0 6.1 5.6 0.10 0.08

0.1  __ __ 24 _ 36,2 _ 6.4 _ 4.2 _ _ _ 0.09 _ _ _ ____ 1.02 _
1.0 31 26.5 6.5 L.h 0.09 0.07

1.0 32 29.1 7.0 5.5 0.08 1,52

— e o — e era o e e atm g s e e e e - - e ame e . - e G - v v e e e—

-— e w—— e e o wme MM Ve e e e Gmm e e e e e G W e e emm wme e wme GAE GwR AT MR . e e = o

1.0 29 23.3 4.0 4.0 0.12 0.11
1.0 _ _ ___ 30 _ _23.2 _3.0__ 4.2 _ _ _ 0.06 _ _ _ __ __ 1.33 _
Treated for 13 Weeks

Control 5 27.6 €.6 4.9 0.14 0.09

Contrel _ _ 6 _ _26.7_ _ 7.7 __ _4.0_ _ _ _ | 0.07 _ _ 1.65 _
0.01-0.0% 11 25,1 7.9 4.9 0.12 0.08

0.01:0.05 _ 12 _ _20.7_ 10.3 __ 3.8__ _ _ 0.08 _ __ ___._ 1.08 _
0.1-0.5 19 26.4 6.4 -- 0.13 0.08

0.1-0.5_ _ _20 _ _ ..2.4.-.3_. - 8.5 _ _ A3 0.09 _ _ _ ___ __ 1 .'.99. -
1.0-5.0 27 26.9 3.1 4.8 0.10 0.08
1.0-5.0 28 21.8 5.1 4.8 0,10 1,26

a/ Doses were increased 5-fold starting the 5th week.
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TABLE 25

SCRUM IgE (IU/wml) QF DOGS TREATED WITH TING

13 Wesks

1,300£119(4)

Dose Treatment Weeks
‘me/kg/day)®’ 0 Weekn 4 Weeks & Weeks
o/

Controls 1,673+149(8 2,129+239(8) 1,250%50(4)

1.01-0,05 1,457+135(8) 1,607+57(8)

0.1-0.5 1,354+147(8) 1,588+46(8)

1.0-5,0 1,365+102(8) 1,583%38(8) 1,651+175(4) 1,068%169(4)
s/ Doses were increased 5-fold starting the 5th week.

b/ Mean * S.E. (number of dogs).
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IT. RATS

A. Subacute and Subchronic Toxicities and Reversibility

1. Introduction

As for the dogs, these studies were performed to define the nature
and extent of effects of TNG on the biological system at the biochemical and i

cellular levels and to elucidate the dose-response relationship in the rats
fed TNG for 4 weeks and 13 weeks. 7The reversibility of any adverse effects
was also studied after the feeding of TNG was discontinued for 4 weeks.

2. Material and Methods

a. nNumber of Rats, Sex and Treatment

A total of 64 male and 64 female young healthy CIP rats (Charles ;
River Breeding Lab., Wilmington, Mass.) were used for this study. They were ;
divided into four groups, each consisting of 16 males and 16 females. The ‘
average weights of all groups were kept close. Three groups of rats were !
fed 0.001, 0.01 or 0.1% TNG in the feed. At the end of 5 weeks, adverse
effects were not observed in any rats. Starting the 6th week, TNG concen-~
trations in the feed for all groups were increased 5-fold to 0.005, 0.05 or
C.5%, respectively. The 4th group, serving as the controls, was given the
powdered standard rodent chow (Wayne Laboratory Meal) without TNG.

L T B g e st B A TIMAETY
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b. Animal Husbandrv

S VI N A D1

Our animal quarters have a ventilation system with 10 air
changes per hour. The room air is passed through filters to remove 99.9%
of all particles larger than 0.3 p. The temperature i3 maintained at 75 *
5°F and the relative humidity at 50 * 10%. The light cycle in all animal
rooms is kept at 1l2-hour on and 12-hour off with a timer.

Upon arrival from the breeder, the rats were isolated and
conditioned in our rodent quarter for at least 2 weeks before starting on the
experiment. They were housed two per plastic cage with filter tops. Hardwood
chips we ¢ used after steam-sterilization as bedding material and changed
weekly. All cages, cover tops and water bottles were steam-sterjlized befcre
using and cnce every month. Feed and water were available at all times.

e B 40~ TP M ey
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¢. Feed Preparation

TNG was desensitized in lactose as 10% mixture (SDM No. 17,
Atlas Chemicals Divisica, ICI America Inc., Wilmington, Del.) and the lactosc
mixture was added to powdered standard rodent chow at 13 by weight to vield
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a diet containing the desired 0.1% TNG. The diet was plared in a wooden
! box (16 x 16 x 20 inches) until half full. The box was placed in . modi-
fied cement mixer and rotated about its long axls for 1 hour at a i‘peed
of 20 rpm. Subsequently, this diet was mixed with the standard chow at
10% by weight to yield 0.01% and again 0.001% of TNG, respectively. Start-
ing the 6th week, the lactose mixture was added to the standard rodent chow
at 5% by weight to yield a diet containing 0.5% of TNG. Accordingly, this
diet was mixed with the standard rndent chow at 10% by weight to yieid »
0.05%Z and again 0.005% of TNG, respectively.

d. Stability of TNG in Feed Mixture

Y
4

The stability of TNG in feed was determined and the aséay : : .
procedure previouslv reported in Appendix I on The ldentification and Assay ;
of Nitrotoluenes and Nitroglycerinesl. was used. Two feed levels of TNG 1
were prepared. Duplicate samples were analyzed for TNG immediately and
af~ar various intervals under various conditions.

L YT T IR T T (T TR, W A e amermor s g
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TNG concentration in feeder under normal feeding condition
wa3 found to decrease with time. The question of loss of TNG by evapora- i
tion or chemical reaction with rat feed components was examlned by spiking 3
a 0,57 TNG feed samole with TNG-1,3-""C. The TNG-1,3-14C in ethanol was )
added to 100 mg of lactose in 10 ml of ethanol. This mixture was evapor- P
ated to dryness under a stream of N, and added to 125 gm of 0.5% TNG in B
rat feed. After it was well mixed, triplicate samples of 100 mg of the
feed minture were taken and counted immediately in the scintillation solu-
tion using a Packard Tricaro 3375 liquid scintillation spectrophotometer
descri’ A previously.l- The counting solution contained toluene in which
TNG was well dissolved. For =safety regulations, the TNG feed mixture con-
taining TNG—1,3—14C was stotred in an operational fume hood. Duplicate

P

samples were taken and counted for radioactivity at the end of 1, 4, 6
and 10 days.
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e, Experimental Procedure

i

The experimental procedure for rats was the same as for dog, é

described in Section I.A.2.b., with the following exceptions: §
y

[

(1} ¥eed copnsumption of all rats was measured throughout E

the experiment. q
(2) Urine and fecal samples were not collected for i

examination. é
(3) Blood samples were collected by cutting the tip of ' '5

the tail at 0, 4, 8, 13 and/or 17 weeks for hematolosy tests. 1In addi.lon,
terminal blood was collected {rom .ne abdominal aorta under ether anes-

thesia for cliuvical ~hemistry tests.
44 ié
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(4) BSP retention test was not performed.

f. Experimental Design

-~

The experimental design for rats was the same as for dogs,
described in Section I.A.2.c., with the following exceptions:

(1) At the end of 4 and 13 weeks, four mele and four
females rats from each group were euthanized for necropsy.

(2) The treatment for four male and four female rats from
— each group were discontinued at the end of 4 weeks. They were kept for ob-
servation., Since adverce effects were not observed in any rats and TNG did
not cause sny lesions in the rats that were euthanized at the end of 4 ‘
weeks, the rats for the reversibility study were not necropsied {or examin- : §
ation at 8 weeks as scheduled.

Y
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(3) Similarly, the treatment for four male ana four female
tnts from each group were discontinued at the end of 13 weeks. These rvats were 1
euthanized for necropsy at the end of 17 weeks to study the reversibility i
of any adverse effects.

Nt

3. Results

oy i perd

a. Stability of TNG in Feed Mixture

NP
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The results on the stability of TNG in two feed nixtures are
summarized in Table 26. The extraction efficiency of TNG from rat feed
mixtures containing 0.01% or 1% TNG was 95 £ 4% aud 99 * 17, resvectivelv,
TNG was stable in both the feed mixtures when frozen for 8 days. An average
of 95% of the TNG remained at the end of 4 days when the feed mixtures were
placed in the rat feeders under normal feeding conditions or in a capped
metal can stored in room temperature. When the feed mixtures were sitored
in the capped metal can for 4 days plus in the rat feeder under normal feed-
ing conditions for 4 additional days, an average of 827 TNG remained. ‘llie
TMG remained in the metal can after 8 days in room temperature averaged
89%. When the 0.5% TNG feed mixture spiked with TNG-1,3-14C was stored in
an operating fume hood, the radioactivity remained in the mixture at the
ead of 1, 4, 6 aad 10 days averaged 81, 67, 63 and 52%, respectively. This
indicated ithat the loss of TNG in rat feed mixtures was due to evaporation.

The larger loss~of TNG as indicated by the loss of radioactivity was due
to larger air flow in the fume hood.

g_

For the feeding studiles in rats and mice, TNG fazed mixture
was prepared weekly. The feed was stored in room temperature. The animal
feeders were refilled after the 4th day and emptied completely after the 7th
day before the freshly prepared TNG-feed mixture was used. The TNG intake
*of all animals was corrected for evaporation loss under the normal feeding
condition. Amounts of TNG remaining in the feed mixture daily for 7 days were
obtained from the decay graph. The average was found to be 937% which was nused
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to correct the evaporation loss of TNG in all feed'ng studies for ruts and
mice.

b. Genevral Observation and Welght Gain

The contrvl rats and rats fed various levels of TNG in the feed
were healthy throaghout the experinental periods of 4 or 13 weeks. The body
welights of the male and female rats before, during and after treatmnent are
summarized in Tables 27 and 28, respectively. The weight changes of these
rats are betyver illustrated in Figure 2.

The weight gains of the male rats fed the low and middie levels
of TNS were comparable to that of the controls. However, the weight gain of
the rats receiving the high level of TNG was significantly depressed after
4 weelis, When the feeding of TNG was discontinued after the 4th or 13th
weeks, the weight gain of these ratz increazed and was greater than the
weight gain of the control rats. By the end of the 8th or 17th week, the
tody weights of these male rats were coupzreble to, sr were only slightly
smaller, than that of the controls.

As seen in the male rars, the high level of TNG in the feed
ilso depressed the weight gain of the female rauts after 4 weeks., However,
this depressed effect on the welght gain in these females was only slight.
After TNG feeding was discontinued, the weight paia of these rate also
incraased.

c. Yeed Consumption and TNG Intake

Feed consumption of the rats fed varlousc levels of TNG are
summarized ir Table 29, The male rats fed the low or middle level of TWG
consumed comparable amrunts of feed as the nontrols; whers2as the males fed
the high level of TNG consumed iess feed batwveen 5 and 13 weeks. 1In the
female rzts, the high level of TNG also lecreased the feed consumption.

The TNG iatak2 of +he rats are summarized in Tahkle 30. The
ING iniake was corrected for evaporation loss as discuss2d in Section
I1.A.3.a. 'The TNG intake of the male rats fed 0.0Cl, 0.01 or 0.17 TNG in
teed during the first 5 weeks averaged 0.8, 6.9 or 59.0 mg/kg/day, respec-
tivley. “Yhen the 'ING conce:tratio s 11 the feed were increamed 5-fold
startiag the 6th week, the TNG intake of these rats increasad to 2.5, 24.5
or 229.5 mg/kg/day, respectively. The TNG intakc of the female rats fed
the low, middle or high .evels of TNG was comparable to that of the male
rats. The intake averaged 0.9, 5.4 or 59.3 mg/ke/day, respectively, duc~
ing the first 5 weeks; and averaged 3.1, 26.5 or 233.8 mg/kg/dav, respec-—
tively, during the subsequent 8 weeks.
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d. Blood Anaiyses

The hematology results of the control male rats and male rafs
fed various levels of TNG are summurized in Tables 31 through 34. The peripheral
blood elements of these male rats were not apparcatly alterad by TRG feeding
for 13 weeks. However, when compared with the baseline levela witnin the
groups or when compared with tha control rats at the respective time intervals,
there were a number of changes. The increases in erythrocyte count, bamatocrit,
hemoglobin concentration and/or tlie decrease in reticuloycte count in both
the control and treated rats were relatzd to the increase in age of these
rats., The other changes were slight and inconsisvznt. The clinical blood
chemistry values of the control male rats and male rats fed the high level of
TNG are summarized in Tabiz 35. Twc rats (Nus. 181 and 183) fed TNG for 13
weeks had elevated SGOT of 220 or 415 IU/L, respectively. After alloweu to
recover for 4 weeks, the SGOT level of all four rats was not significantly
different from that of the control wmales.

The hematology results of tha control fomale rats and the
female rats fed various levels of TNG are summarized inr Tables 36 through 29.
As seen in the male rats, the peripheral blood eleuaents of the female rats
were not apparently altered ty TNG feeding for 13 weeks. When compared
with the baseline levels ¢r when compared with the control rats at the
respective time inte: rals, a number of paramet<rs were significantly altered.
These changes were not related to TNG treatment. The clinical blood chemis-
try values of these female rats ars suwwmarized in Table 40. Two rats
(Nos. 280 and 281) fed TNG for 13 weeks had z2levated SGOT of 204 or 291 1U/L,
respectively. As for the males; the SGOT level of ail four female rats was
not significantly different from that of the control femaler after they were
allowed to recover for 4 weeks.

e. Orpan Weights

The organ weights of the rats fed various levels of TNG for
4 and 13 weeks and for 13 weeks plus & weeks of recovery are summarized in
Tables 41, 42 and 43, respectiveiy. After 4 weeks, the liver weight of the
female rats fed the middle level of TNG and the kidney wzight of the Female rats
fed the low or nigh levels cf TNG wexe larger than those of the coutrol rats
(Table 41). Based on the body weight, the liver weight of these rats fed
the high level of TNG and the kidney weight of these rats fed the low levsl of
TNG were larger than those of the control vats.

After 13 weeks, the adrevnal weight of the male rats fed the
high level of TNG, the thyrolds weight of the male rats fed all levels of TNG,
and the liver weight £ the female rats fed the hizh level of TNG wure smaller
than those of the respective contrcl rats (Table 42). Based on the body
welpht, Lhe Tiver welght of male rats fed the low level of TNG, the thyroid
welght of the male rats fed a'l levels of 186G, and the Tiver weight of thu
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female rats fed the low level of TNG were smaller than those of the
respective control rats. On the other btand, the liver weight of both the
male and the female rats fed the high level of TNG, the testis weight of
the male ravs fed the high level of TNG and the kidney weight of tne
female rats fed tiie high level of TNG were larger than those of the
respective control rate.

After treatment for 13 weeks and recovery for 4 weeks, the
heart weight of the male rats fed the low or middle level of TNGC were
larger than that of the control rats, and the liver and kiduey weights
of the male rats fed high level of TNG were smaller than those cf the
control rats {(Table 43). Based on the body weight, the heart weights of
the male rats fed the low or middle level of TNG, the liver weight of the
male rats fed the middle level of TNG, and the heart weight of the female
rats fed the middle level of TNG were larger than those of the respective
control rats,

f. Grouss and Microscopic Examination of Tissues

The rats fed various levels of THG were in good nutritional
condition at various times of necropsy. Microscopic examination of tissgues
revealed a number of lesions in botk the control rats and rats fed TNG.

After TNG feeding for 4 weeks, spontaneocus lesions occurred in
the coatrol rats and rats fed the kigh level of TNG in both sexes (Tables 44 and
45). These lesions included lymphnid hyperplasia and/or pneumonia in the
iung, portal inflummation or necrosis of the hepatic cells in the liver, or
extramedullary hematopoiesis in the spleen. The bone marrows and the M/E
ratics of these rats were normal.

After feeding for 13 weeks, a number of spuntaneous lesicns
alco occurred in the heart, lung, liver and spleen of control rats and rats
fed high levcl of TNG (Tables 46 #nd 47). One treated male rat also had mild
acute inflammation in the pancreas. The bone marrows and the M/E ratics of
these rats were norwal.

Tissue lesions of male and female rats f{ed TNG for 13 weeks
and allowed to recover for 4 weeks are summarized in Tables &8 and 49,
respectively,. As gseen in the control rats and rats fed TNG for 4 cor 13 weeks,
a number of occasionail lesions were also seen in the hearxt, lung, liver,
spleen and/or kiduey of botY the contrel rars and the rats fed the high
level of TNG fZox 131 weeks and allowed to recover fo. 4 weeks. These lesions
were uaturally-occu=ring and were nuc related to TNG. The bone marrows and
the M/E ratios of these rats were normal.
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4. Discussion and Conclusion

The TNG intake of the male rats fed the low, middle or high
level of TNG in feed averaged 0.8, 6.0 or 59.0 mg/kg/day, respectively,
during the first 5 weeks; and 2.6, 24.5 or 229.5 mg/kg/day, respectively,
during the additional 8 weeks. The TNG intake of the female rats
averaged 0.9, 6.4 or 59.3 mg/kg/day during the first 5 weeks and 3.1,
26.5 or 233.8 mg/kg/day during the additicnal 8 weeks.

3-th the male and the female rats fed the low or the middle
lcv el of TNG did not show any adverse signs, any changes in peripheral
blood elements or clinicsl laboratory tests, or lesions in any tissues
related to TNG. The high level of TNG in feed decreased the feed con-
sumption and retarded the weight gain of rats. These effects were more
profound in the males than in the females and were reversible after
discontinuation of TNG feeding for 4 weeks. High level TNG for 13 weeks
also caused 2levation of SGOT in some rats. However, these rats did not have
any lesions in any organs. After allowed to recover for 4 weeks, the SGOT
level of all rats was not significantly different from that of the control rats.

The absolute and/or relative weights of heart, liver, kidney, thyroid
and/or testis of the male and/or female rats fed TNG for 4 or 13 weeks were
significantly different from those of the respective control rats. However,
these changes were not related to TNG feeding and were not considered to be
clinically significant. First, the changes were slight and inconsistent.
Second, these organs did not have any consistent lesions related to TNG
feeding.

B. Additional Subchronic Toxicity

1. Introduction

As discussed in Section I1.A.4., feeding of 0.5% TNG for 13 weeks
depressed feea consumption and weight gain in rats. It is imperative to
establish a dose-response for the adverse effects of TNG. 1In addition,
the 0.5% TNG diet contained 4.5% lactose. The question arose whether
lactose in the diet had any adverse effects. The objectives of these
experiments were 2-fold. First, the TNG concentration in the diet was
increased to 2.5% and the effects of feeding this diet for 13 weeks were
studied. Second, the effects of feeding 25% lactose for 13 weeks were
compared.
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2. Material and Methods

In the first experiment, a total of 7 male and 7 female young hesalthy

cp® rats (Charles River Breeding Lab.) were used. Four males and four
females, serving as controls, were fed a powdered standard rodent chow
(Wayne Laboratory Meal); three males and three females were fed 2.5% TNG

in the feed. The preparation of the diet containing 2.5% TNG was similar

to that for rats described in Section II.A.2.c. The 10%Z TNG lactose mixture
was mixed with powdered standard chow at 25% by weight to yield the diet con-
taining the desired 2.5% TNG every week. Feed consumption of all rats were
measurec throughout the experiments and body weights were recorded weekly.
At the end of 13 weeks of feeding, arterial blood (abdominal aorta) of

each rat was collected under ether anesthesia for hematolugy, clinical

blood chemistry and measurement of serum electrolytes. Heart, liver, spleen
and kidneys were weighed; various tissues were removed for histopathological
examination.

In the second experiment, a total of 10 males and 10 females were
used. The experimental design and procedure were similar to those described
for the first experiment. Five males and five females, serving as controls,
were fed the powdered = andard chow; five males and five females were fed 25%
of lactose in the feed. Lactose (USP) was mixed with the powdered standard
chow at 25% by weight. 1In addition to the parameters studied in the first
experiment, calcium content in the femur bone and iron content in the liver
were determined at termination.

The femur was weighed, digested in concentrated nitric acid and
analyzed for calcium with a Varian Model 6 atomic absorption spectrophotom-
eter using the resonance line 2399 A. A nitrous oxide-acetylene flame was
used to eliminate any interference from phosphate. The liver was weighed,
digested in concentrated nitric acid with the addition of 70%Z perchloric
acid and analyzed for iron with the same spectrophotometer. An air-
acetylene flame was used.

3. Results

a. Rats Fed 2.57 TNG

General observations, body weight, feed consumption and
TNG intake: The body weights, feed consumption and TNG intake of the control
rats and rats fed 2.52 TNG are summarized in Table 50. Both the male and the
female rats fed TNG lost weight rapidly during the first 4 weeks and continued
to lose weight through the 8th week. During this period, these rats were
slightly less active, appeared in poor nutritional condition and had rough
thalr coat without any other adverse signs. Thereafter, the condition of
these rats improved and they started to gain weight. By the 13th week, they
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regajned che lost weight. On the other hand, the male and female contrels
appeared heaithy and persistently gained weight throughout the experiment.
The veight changes of the control and treated rats are better illustrated in
Flgure 3.

Both the male and female rats fed 2.5% TNG consumed about
one~half or less of the feed as the control group during the first 8 weeks.
Thereafter, their feed consumption increased. This decrease and change in
feed consumption of theses rats correlated with their weight loss or the re-
gained weight. The TNG iat~k> of the male rats averaged 1,406 mg/kg/day
and of the female rat:s :veiaicd 1,416 mg/kg/day. As discussed in Section
II.A.3.a., the TNG intake was corrected by a factor of 934 for the evapora-
tion loss in the faeler during the feeding week.

Blood analysis: The results of hematology and clinical
blood chemistry tests are summarized in Table 51. Both the male and the
female rats fed TNG had increases in erythrocyte count, hematocrit and hemo-
globin concentration. In addition, the fasting blood glucose of these rats
decreased and the alkaline phosphatase increased as compared with those of
the respective coatrels., In the males, the lzukocyte count also decreased.
However, the decrease in leukocyte counts were not considered clinically
significant. Methemoglobin was not detected in the blood of any male or
female rats.

Serum electrolytes of the control rats and rats fed TNG
dre summarized in Table 52. Concentrations of Na, K, Ca, Mg and Cl of rats
fed 2.5% TNG for 13 weeks were not significantly altered.

Organ weights: The absolute and relative weilghts of
various organs are summarized in Table 53. The absolute weights of brain,
heart, liver aud kidneys of the male rats fed 2.5% TNG for 13 weeks were
smaller than those of the control males. The relative weights of brain,
kidneys and spleen based on the body weight were larger than those of the
controls, and the relative heart weight based on the brain weight was
smaller than those of the controls.

The absolute weights of opleen and kidneys of the female
rats fed 2.5% TNG were larger than those of control females. The relative
weights of both organs, based on the body -veight or th? brain weight, were
also larger than those of the controls.

Gross and microscopic examination of tissues: The
control rats and rats fed 2.5% TNG were in good nutritional cordition at time
of necropsy. Tissue lesions in male and female rats are summarized in
Tables 54 and 55, respectively. The males fed 2.57% TNG had moderate to
scvere testicular atrophy, mild to moderate testicular degeneration, and
severe aspermatopenesis in the testes. 1In addition, tnere were hemoajderosis
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In the spleen and liver. A number of spontaneous lesions also occasionally
occurred in the male coutrols and/or the TNG treated males. These lesions
included myocarditis, lymphoid hyperplasia and pmneumonia in the lung, sub-
acute infiammation in the liver, glomervlonzphritis or pyelonephritis in
the kidney, and/or vacuolar degenerarion in the adrenal gland. The bone
marrows and the M/E rativos of these males were normal.

The female rats fod 2.57 TNG had mild to severe hemosid-
erosis in the spleen and mild hemnsilerosis or bile dunt proliferation

in the liver. As seen in the msles, a number of spontaneous lesions occasionally

occurred in the female controls and TNG treated females. These lesjons in-
cluded lymphoid hyperplasia, pneumonia and/or emphysema in the lung, subacute
inflammation in the liver, interctivial nephritis in the kidney and/or
keratosis, edema and inflammation of the stomach. The bone marrows and the
M/E ratios of these females were normal.

h. Kkats Fed 25% Lactose

General observatiou, body weight and feed consumption: The
control rats and rats fad 257 lactose for 13 weeks appeared healthy throughout

the experiment. The body weights and feed consumption of the rats are summarized

in Table 55. Both the male and the female rats fed lactose persistently gained
weight. Their weight gains, as better illustrated in Figure 3, were comparable
to the male and female contrnls, respectively. YFeed consumption of the rats
fed lactose was also comparable to that of the controls.

Blood analysis: The resulte of hemutology and clinical
bloced chemistry tests are sumaarized in Table 57. The peripheral blood ele-
mentr and various clinical chemistry values of both the male and female rats
fed 25% lactose for 13 weeks were not apparently altered as compared with
those of the respective control rats. Methemoglobin was not found in any rats.
The mean corpusulsr hemoglobin concentration of the female rats fed lactose
wap slightly but significantly less tran that nof the female controls. This
change was not considered clinically significant.

Serum elcctrolytes of these rats arve summarized in
Table 58. Serum levels of Na, K, Ca, Ilg and Cl of vats fed 25% lactose
for 13 weeks were not significantly uitered.

Calcium content in the bone and iron content in the
liver o¥ thege rats are summarized in Table 59. These levels in the rats
fed lactose were not significantly different Irom those of the control rats.
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Organ weights: Thne absolute and relative weighti of
varic-s organs are summarized in Table 60. The absolute and relative
weights of :aacum, based on body weight or brain weight, of rats fed 25%
lactose for 13 weeks were significantly larger than those of the control
rate., The other organ weights of rats fed lactose were not apparently
altered.

Gross and microscopic examinacion of tissues: At ter-
minatinn, both the control rats and the rats fed 25% lactose were in good
nutcitional conditicrn with normal deposits of tody fat. Tissue lesions in
male and female rats are summarized in Tables 6i and §2, respectively. A
~unber of lesions occasionally occurred in these control rats and rats fed
lactcse. These lesions included focal myocarditis of the hieart, lymphoid
byperplasia or pneumonia of the lung, infiammation or facal necroeis of the
liver, and/or interstitial nevhritls or mononuclear cell infiltratilon of the
kidney. In addition, one female control had hemosiderosis in the spleen and
mesnnteric lymph node, and one female rot fed lactose had au fibroadenoma of
the mammary gland. These lesions were mild to muderate; they were spontan- i
eours and not related to lactosc. j

KPR G S50 eEr SN o
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4., Discussion and Conclusions

fundg Suni £

The male and female rats fed 2.5% TKG for 13 weeks consuned an 3 3
average of 1,406 or 1,416 mg/kg/day of TNG, respectively. Both the male
and the fewale rats fed TNG consumed less feed and lost weight auickly.
They continued to lose weight, were slightly less active, and had rough
hair coat through the 8th week. Thereafter, these rats started to gain
weight and their conditions improved.

e de s g

] ey

These rate fed TNG had some changes in the biood and organ weighta
and lesions in the testis, liver and spleen Erythrocyte count, hematocrit,
hemoglobin concentration, and serum level of alkaline phosphatase in~reazed
and fasting blood glucos= decreas=d in both the male and female rats. The
erythrocyte count of both the male and the female contrdls were relatively low
before treatment; liowever, “he wvalues were within normal limits for rats observed
in our laboratory as shown in lable L in Appendix I. JTn the males, TNG feeding
increased the relative weights of spleen, kidney and brain based on tte body
welght and decreased the relative heart weight based on the brain weight. 1In
the females, TNG feeding increased the relative weights of spleen and kidney
based on the body weight and Increased the relative kidney weight based
on the brain welght. TNG caused teaticular atrophy and degeneeration, and
aspermatogenesis in the males. Both the males and the females fed TNG had
hemoriderosis in the spleen and/or the liver. Hemosiderosis in these organs
is often seen in rodents. However, it was not seen in these control irats
or mice used for these studies.
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The male 4nd female rats fed 25% laccose for 13 weeks did not
show any adverse signs, any -hanges in the peripheral blnod elements or
clinical blood chemistry values. any effects on calcium content of the bone
or iron ~ontent of the liver, or any lesions related to iactose. However,
lactose feeding increased the weights of caecum o¢f both the wale and the

female rats.

C. Cytogenecic and Mutagenic Effects of TNG

1  introduction

The cytogenetic effect of TNG on Somatic cell chromosomes was studied,
The lywohocyte and kidney cultures from rats fed TNG were obtained and examined
for any damages. In addition, the capability of TNG to induce single gene
mutations was studied in Thinese hamster ovary cells in vitro. The Chinese
hamster ovary system 1s capable of detecting mutations induced in nine dif-
ferent specific loci simutaneously.

2. Material and Methods

a. Cytogenetic Effects on Chromosomes

The procedure on the cytogenetic study described for dogs in

Section 1.C.2. was used. Peripheral lymphocyte and kidney cultures were

obtained from racs fed the nigh level TNG for 4 and 13 weeks. The male rats
vere fed an average of 39.0 mg/kg/day TNG during the first 5 weeks and 229.5
mg/kg/day during the additional 8 weeks; the female rats were fed an average
of 59.3 and 233.8 mg/kg/day for the respective periods. Accordirgly, the

lymphocytes or kidney cultures were activated, arrested, processed, stained
and examined for both numerical and morphological aberrations of the chromo-

somes.

b. Mutagenic Effects on CHO-K1 Cells In Vitro

Wild type Chinese Hameter Ovary (CHO-K1) cellsll/ capable of
growth in both a minimal and an enriched medium were exposed to selected
concentrations of TNG to test its ability to induce single gene mutations in
mammalian somatic cells. The concentrations used were selected from a single
cell survival curve cbtained according to the method of Puck and Kao,12/ Po-
tential mutants were isolated by the BUdR-visible light technique and con-
firmed by plating the cells in both media. A mutant was defined as having the

capability of growth only in the enriched medium ard nct in the minimal medium,

Mutagenesis was measured relative to the known mutagen ethyl methanesulfonate.-—=
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3. Results

The results on numerical ana morphological aberratioas of chromo-
somes are shown in Tables 63 and 64, respuctively. Rats fed TNG for 4 and
13 weeks did not show any changes in the chromosome frequency distribution
or number of tetraploids, or any chanyes in the chromatid breaks or trans-
locations, in the peripheral lymphocytes.or kidney cultures.

The results of the in vitro single gene mutation study is shown
in Table 65. No mutants were found in the cultures treated with TNG at
concentrations which killed 65 and 99% of the cell population, respectively.
Ethyl methanesulfonate, on the other hand, induced mutants at the frequency
of 28,0 x 1070 which is similar to that reported by Kao and Puck.12

4. Discussion and Conclusion

An average of 59.0 to 59.3 mg/kz/day of TNG in feed for 5 weeks
and 229.5 to 233,8 mg/kg/day for an additional 8 weeks to rats did not cause
any numerical or morphological aberrations of chromosomes in the peripheral
lymphocytes or kidney cultures.

Treatment of Chinese hamster ovary cells with TNG at concentrations
which killed 65% and 99% of the population did not appear to induce any
mutations. However, since this test systam does not incorporate a metabolic
activating system, no information on the mutagenicity of metabolites of TNG
was obtained.

D. Immunologic Response to TNG

1. Introduction
Immunoglobin E (IgE), the allergic or hypersensitive antibody, was
associated with anaphylactic reactions in hunan.Z2/Serum concentration of IgE

of rats treated with TNG was determined.

2, Material and Method

As described for the dogs in Section I.D.2., the immunodiffusion
technique of Mancinil®/ was used to determine tbe serum IgE of rats fed 2.5%
TNG for 13 weeks. These ratas were used for the subchronic toxicity study
described in Section 11.8B.

3. Results and Conclusion

Serum concentrations of IgE of control rats and rats fed 2.5% TNG
for 13 weeks are summarized in Table 66. TNG did not apparently alter the
serum concentration of igE. The TNG intake of the male rats averaged 1,406
mg/kg/day and in the female rat averaged 1,416 mg/kg/day.
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TABLE 26
STABILITY OF TNG IN FEED MIXTURE FOR RATS
% Feed Mixture No, 1 i é
i Sample % NG % Remaining o g
; 1. Time zero-fresh 0.412/ 100 3
2, Time zero-frozen 0.41 100
: plus 8 days
b 3. 4 days in feeder 0.39 95
‘ 4, 4 days in capped can 0.41 100
5. Sample No. 4 after 0.36 88
4 days in feeder :
6. 8 days in capped can 0.38 93 ;
y
3 Feed Mixture No. 2 i
E :
? 1. Time zero-fresh 0.042 100 3
¥ 2, Time zero-frozen plus 0.042 100 ;
f% 8 days
‘ 3. 4 days in feeder ¢.040 95 }
4. 4 days in capped can 0.038 90 é
5. Sample No. 4 after 0.031 74 :
‘ 4 days in feeder 3
J 6. 8 days in capped can 0.036 86 ‘ '
1
a/ Average of duplicate samples, § ]
3 ;
:f
P
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in Feedd/
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TABLF 27

BODY WEIGHTS OF MALE RATS FEL ING
Body Weights (gm)

Initial 4 ::eks 8 Weeks 13 Weeks 17 Weeks
278492/ 441410
28547 458423
27849 423421
27946 41741
276410 43449 -°-£ , 516118
28946  458+16 ' 553421
26747 41046/ 495410
29046 422511 544315
27047 446420 532427 555422
27545 428+11 500415  560+16
276+9 429410 509418 552428
267412  394+14 434418 440418
28849 462410 54418 603;!-_209'; 642421
274+9 461417 522421 5714275 617432
281411 427414  501x20 564418/ 621432
27643 406+6 44345 476+3 & 57647

a/ TNG concentrations in the feed were increased 5-fold starting the

6th week.
b/ Mean + S.E. of four rats.
c/ TNG in feed discontinued thereafter.
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TABLE 28

BODY WEIGHyS OF FEMALE RATS FED TNG

% TNG Body Weights (gm)
in Feed®/ Initial 4 Weeks 8 Weeks 13 Weeks 17 Weeks
0 188+42/ 26447
6.001-0.005 185+6 24247
0.01-0.05 19945  267+4
0.1-0.5 19146  226+1 1
c/ f
0 18543 243377, 27247 :
| 0.001-0.005 18616 24844~ 279+h %
. 0.01-0.05 19814 258410, 285412 :
) 0.1-0.5 20649 251411 31645 ]
0 19547  268+9 266+18  299+11
0.001-0.005 198+3  268+7 298+8 316+7 4
0.01-0.05 19346 25246 27544 29145
0.1-0.5 196+6 23847 257410 25149 ;
1 0 190+4 25749 29149 308—_0-_9‘2‘; 328+16
0.003-0.005 186+4 25147 28146 30548~ 342413
0.01-0.05 187+4  253+10 27349 294412, 329413
" 0.1-0.5 191+7 24949 261+12 272412~ 315412
"' a/ ING concentrations iu the feed were increased 5-fold starting "'
the 6th week.

b/ Mean + S.E. of four rats.
¢/ TNG in feed discontinued thereafter.
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TABLE 29
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AVERAGE FEED CONSUMPTION (gm/day/rat) OF RATS FED TNG

% TNG Males

In Feedd/ 12457 5-8

0 28.4 26.9
0.001-0.005 28.0 26.5
0.01-0.05 26.4 26.9
0.1-0.5 27.1 22.6

% TNG Females

In Feed2/ 1-4 5-8

0 19.4 19.4
0.001-0.005 18.0 17.4
0.01-0.05 18.3 16.0
0.1-0.5 17.5 13.7

9-13

17.4
17.6
15.7
14.3

a/ TNG concentrations in the feed were increased 5-fold starting the

6th week.
b/ Weeks.
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27ABLE 30

AVERAGE TG INTAKE (mg/kg/day) OF RATS DURING TREATMENT

| % 'ING Males
In Feed?/ g 4 8 13
0.001-0.005 0.9 0.7 2.7 2.5
0001"0005 6-5 504 22-6 20.6
0.1-0.5 64.1 54 .0 207.9 196.8
% TNG Females
In Feed 2/ 1 4 8 13
0.001-0.005 0.9 0.8 3.2 2.9
0.01-0.05 6.7 6.0 23.1 23.6
0.1-0,% 56.1 62.5 228.9 183.5

a/ TNCG concentrations in the feed were increased 3-fold
starting the 6th week.
b/ Weeks.
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TABLE 35

THE CLINICAL BLOOD CHEMTUSTRY DA F_CONTR
MALE RATS AND MALE RATS FED KIGH LEVEL TNG

Alkaline
% TING Fasting Glucose S5GOT SGPT Phosphatase
in Feedd/ “mg %) (1U/L) (IUZL} (IU/L)
Fed for 13 Weeks
Control 144 4 62/ 126 + 10 36 £ 6 53 + 2
0.1 - 0.5 92 * 21 262 % 79 48 £ 9 75 + 17

Fed for 13 Weeks and Allowed to Recover for 4 Weeks

Control 172 & 27 96 4 6 28 + 1 44 + 3
0.1 - 0.5 138 + 8 131 £ 37 41 £ 11 44 4+ 1

a/ TING concentration was increased 5-fold starting the 6th week.
b/ Mean * S.E.
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TABLE 40
THE CLINICAL BLOOD CHEMISIRY DATA OF CONTROL FEMALE

TS H LEVEL TNG ,
]
: 3
Alkaline ]
% TNG Fasting Glucose SGOT SGPT Phosphatase BUN i
in Feeda/ (g %) Iu/v) Q) (FU/L) wg % ;
Fed for 13 Weeks ;

Control 197 4+ 32/ 155 £ 31 51 4 20 29 + 1 10 & 3

0.1 - 0.5 87 + & 248 + 44 36 + 2 29 + 2 14 + 2

! Fed for 13 Weeks and Allowed to Recover for 4 Weeks

Control 163 + 16 111 £ 19 29 + 1 38 £ 2 16 4+ 2 :

0.1 - 0.5 131 + 4 106 + 13 30+1 32 42 18 + 1
1
E
a/ TNG concentration was increased 5-fold starting the 6th week. ]
b/ Mean t S.E. x ;
4
4
|
: i
3 ?

K
y

£ St
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TABLE 41

SQLUT E_QR 10} TS

OF RATS FED TNG FOR & WEEKS

i TNG Absolute Organ Weight (gn)
Sex In Feed Termingl Liver Kidney Spleen

Male Control 441 + 108/  18.2 4+ 1.6 1.74 + .05 0.77 + 0.04
0.001 458 + 23 19.4 + 1.4 1,88 + 0.11  0.80 + 0.10
0.01 423 + 22 19.0 + 1.8 1.72 + 0.11  0.78 + 0.09
0.1 408 + 9 19.0 # 1.7 1.53 + 0.13  0.95 + 0.11
Female Control 244 + 7 8.6 + 0.3 0.78 + 0.05 0.54 + 0.04
0.001 262 + 7 8.8 + 0.3 0.98 + 0.052/ 0.51 + 0.03
0.01 267 + & 9.9 + 0.12/ 1,05 + 0.052/ 0.59 + 0.04
0.1 226 + 1 9.3 + 0.1 0,80 + 0,03 0.51 + 0.03

% TNG Relative Organ Weights (om/llgm Body Weight)

Sex In Feed Liver Kidney Spleen

Male Control 4.1 + 0.3 0.40 + 0.01 0.17 + 0.01

0.001 4.2 4 0.2 0.41 + 0.01 0.18 + 0.02

0.01 4,5 + 0.3 0.41 + 0.03 0.18 + 0,02

0.1 4.6 + 0.3 0.37 + 0.02 0.23 + 0.02

Female  Control 3.5 + 0.2 0.32 - 0.03 0.22 + 0.01

0.001 3.6 + 0.3 0.41 4+ 0.022/  o0.21 + 0.02

0.01 3.7 + 0.6 0.39 + 0.01 0.22 + 0.02

0.1 4.1 +0.06%  0.35 + 0.01 0.23 + 0.01

a/ Mean + S.E.
b/ Significantly different from the control rats (bDumnnett's multiple
comparison procedu ral—'/)
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TABLE 43
I ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF RATS FED TNG
1 A TQ RECOVER FOR 4 W
I Terminal
% TNG / Body Absolute Oragn Weight (gm)
Ii Sex In Feed® Weight Heart Liver Splean Kidneys
) Male  Control 6424217 0.,9640.06  18.3040.98 0.7240.08 4.4340.30
0.001-0.005 616425 1.3640. 06—/ 19.4740.87 1,01+0.11 3.95+0.32
-~ 0.01-0,05 615431  1.2940.05%/ 20.4640.90 1.0740.03  4.06+0.04
- 0.1-0.5  576+6  0.85+0.11  14.2940.63%/0.8140.15 2.91+0.26S/
i
- Female Control 328+16 0.90+0.04 8.3040.98 0.90+0.05 1.8440.11
_ 0.001-0.005 341413  1.0040.02 10.2340.95 0.86+0.09  2,0440.41
0.01-0.05 319418  1.0240.05  8.7542.13 0.8640.08 1.86+0.20 i
- 0.1-0.5 315412  0.9640.07  8.3340.34 0.89+0.06 1.66+0.18 3
e b
4
- 1
j, % ING Relative Organ Weights (pm/100gm Body Weight) )
Sex In Feed Heart Liver Spleen Kidneys ;
; Male Control 0.1540.01 2.85+0.13 0.1140.01 0.7040.07
* 0.001-0.005  0.22+0.005/ 3.16+0.07 oy 0-1640.02  0.6540.07 !
0.01-0.05  0.2140.01%/ 3.34%0.15%/ 0.1840.01  0.6640.03 ,
0.1-0.5 0.1540.02  2.6540.06 0.1440.03  0.75+0.05 -‘
Female Control 0.2740.00 2.7740.12 0.2740.01 0.5740.05 g
0.001-C.005 0.3040.01 2.9940.17 0.25+0.02 0.5940.1)0 i
0.01-0.05  0.3240.01%/ 3.2140.27  0.2740.02  0.5840.06
0.1-0.5 0.3040.01  2.6540.06 0.28+0.04  0.3340.05

SoSlnt Boteians

a/ TNG concentrations were increased 5-fold starting the 6th week.

b/ Mean + S.E.

¢/ Significantly differeut from the control rats (Dunnett's multiple
compnrison pxocedure_/)
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TABLE 50

BODY WEIGHTS (GM) OF RATS FED 2.5% TNG

Treatment Weeks

Sex Treatment2/ 0 4 8 13 ]
Male Control 316290/ 45410 52547 58415
NG 306+7 213+3¢/ 212484/ 32243%
Female Control 185+5 22616 2468 252*10
TNG 20247 1484587 134459, 202499/
FEED CONSUMPTION (GM/RAT/DAY) OF RATS FED 2.5% TNG {
Treatment Weeks T
0-1 2-4 5-8 9-13 |
Male Control 28.8¢/ 28.7 31.0 30.5 ;
NG 12.4 12.8 12.2 22.0 ;
:
Female Control 14.7 14.8 15.2 14.7 3
TNG 7.5 7.4 7.1 15.4 i
TNG INTAKE (MG/KG/DAY) OF RATS FED 2.5% TNG
Treatment. Weeks }
0-1 R 5-8 9-13 Average i
3
Male TNG 1176/ 1277 1339 1588 1406 %
Female THE 1076 1163 1252 1773 1416 i

a/ Four rats for control groups and three rats for TNG groups.
b/ Mean % S.E.

¢/ Mean

4/ Significantly different from the controls (Student "t'" tost).
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TABLE 52

SERUM ELECTROLYTES OF RATS FED 2.5% TNG FOR 13 WEEKS

Serum Electrolytes (meq/L) a

Sex Treatment/ Na R s Mg cl ;
Male Control 142;!-_19/ 4.940.1 4.840.0 1.740.0 10241 ;
TNG 14945 5.540.5 5.04C.2 2.240.3 10043

f

Female Control 146+1 5.640.1 5.240.1 2.040.1 10642 3
NG 14741 5.940.3 5.140.1 2.340.1 101+2 1

a/ Four rats for control groups and three rats for TNG groups.’
b/ Mean + S.E. (number of rats). )
4

4

1

1

1

i

j

]
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L o

S SR
% ' TABLE 56 . é
- L
BODY WEIGHTS (GM) OF RATS FED 25% LACTOSE :
f S
Pho
] Treatment Week il :
s Sex Tr>atmentd/ 0 4 8 13 L
. Male Control 2624172/ 403417  486+20 5244264 S
: Lactose 270417 401410  480+18 510419 L
! A
Female Control 21045 25745 28448 29446 S
Lactcse 204+6 26945 29549 299+7 R
E .
3 FEED CONSUMPTION (GM/RAT/DAY) OF RATS FED 25% LACTOSE S
Treatment Week o i
Sex Treatmentd/ 1 4 8 13 T
r 185
L Male Control 22.98/ 26.1 27.2 24.2 e
r ; Lactose 17.2 28.3 25.9 21,7 - ;
‘ Female Control 16.8 18.1 18.0 16.7 N
] Lactose 13.9 20.3 18.1 16.3 R
E H
1 a/ Fi.e rats per group. o
r b/ Mean + S.E. !
¢/ Mean. ;i
Ty
|
s
E

46 ‘ i
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TACLE 58
SERUM ELECTROLYTES OF RATS FED 25% LACTOSE FOR 13 WEEKS
Serum Electvolytes (meg/L) i

Sex Treatment?/ lia K Ca Mg cl ' !
Male Control 149422/ 6.240.1 5.340.1 2.540.1  97+1 . i
Lactose 153+1 5.640.1 5.640.1 2.440.2 101+l ‘ k

Female Control 151+1 5.246.3  5.3#9.1 2.240.1 103+l

Lactose 149+1 5.240.4  5.440.1 2.310.1 96+l
1

a/ Five rat; per group.
b/ Mean + S.E. .
i
!
|
i
1
1
1
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TABLE 59

BONE CALCIUM AND LIVER IRON OF RATS FED 25% LACTOSE

-/ Bone Ca Liver Fe
Sex Treatmenta S"/,Z mg[ ggz
Male Control 9.24 + 1.16% 151 + 18
Lactose 9.41 + 0.91 158 + 18
Female Control 9. 06 _-!_-_ 0.64 390 + 28
Laciose 8.87 + 0.89 446 + 47

a/ Five rats per group.
b/ Mean + S.E.
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TABLE 06

SERUM IgE OF RATS FED 2.5
TNG_FOR 13 WEEKS

/
Sex Treatment® IgE (Iu/ml)
b/
Males Control 1250 + 46~
™G 1133 + 44
Females Control 1263 + 24
™G 1150 + 44

_a_/ Five rats for control groups and three rats
for TNG group.
b/ Mean + S.E.

96

~ Con e s - ex . e ki, it sk,

[P

o b et Lt aaeas

i
]
|
]
3




650[ MALES 8 MALES . 3
; £
a &
: / {
! -
/ =4 /
B s
f 13 { z//’ / i
O . :
E - joe”
3 7 ‘
, 1
- = / i
; ; F //:/’ ’//‘ ]
] > i " }
fa)
| S g ‘
@ /, i
3 H
| I
E i
1 1 1 L i ]
: 0 4 8 13 17 |
r !
f .
] o——eControl O=~===0 Middle level ]
; ao——a Low level & a High level
1
i ' TNG in feed discontinuved
f 3501 FEMALES i FEMALES _a
. 5 .
— Lo
S o I
(V)
2 s
>
o
5 }
o
1 )
4 8 0 4 8 13 17

WEEKS OF FEEDING

Figure 2 - Rody Weights of Rats Fed Various Levels of TNG

97

T e




o op

BODY WEIGHT, Gm

BODY WEIGHT, Gm

5601

480W-

4001- Male - TNG Male - Lactose
320 /’
/
N\ //
AN
N\ /
N /
240} AN / .
~~—_/
1 L i L | _J
0 4 8 13 0 4 8 13
———0 Control e———e Treated
320 -~
prap———— 1 4

Female - Lactose -

1

!

77 SN yd - T
.- / .o ¢

1 | J | 4 J -

0 4 8 13 0 4 8 13 i

WEEKS OF FEEDING

Figure 3 ~ Body Welghts of Rats Ved 2.5% TNG or 25% lactose

98

e T ke 2, M N a0 Lol o e L s A




111, MICE : ;

TABLE OF CONTENTS .

- Page !

b‘ i. A. Subacute and Subchronic Toxicities and Reversibility. . . . . . . 101 ﬂ
R 1, Introduction. . . . . . . . o + . v ¢ o ¢ v o v « o .« . . . 101 b
e 2. Material and Methods. . . . . . . . . .. .. . ... ... 101 b
.- K S A 11 é é
‘@ a, General Observation and Weight Gain . . . . . , . . . 102 P
- b. Feed Consumption and TNG Intake . . . . . , . . . . . 102 P
5% c. Blood Analysis. . . . . . . . . .. ... ... ... 102 o

i d. OrganWeights . . . . . . . . . « v « « « v v . « . . 103 i
. e, Gross and Microscopic Examination of Tissues. . . . . 103 .
i
. ]
- B. Discussion and Conclusions. . . . . . . . . + v « ¢+ o o ¢« « . + . 104 ; g
Tt C. Other Studies . . . . . . . & ¢« ¢ ¢ ¢ v o ¢ v o o o o o o s « o+ - 104 b
i. j

Tables 67 - 84. . . & . v 4 4 4 4 4 v 4 e s e s e e e s e e e e . . . 105 :
i
» |

E v - 1
I i
) R
a“w i

{
i
i

99




abobanis o sa o ol o Ul ]

L A e ariiae

A 3 % g

AT A T 1,

[ S
*® - ¥

-t

A. 3Subacute and Subchronic Toxicities and Revergibility

1. 1Introduction

As for the dogs and mice, these studies were performed to define
the nature and extent of effects of TNG on the biological system at the
biochemical and cellular levels and to elucidate the dose-response relation-
ship in the mice fed TNG for 4 and 13 weeks., The reversibility of any ad-
vercge effects was alsc studied in mice after the feeding of TNG was dis~
cortinuced for 4 weeks,

2. Material and Methods

The basic design and procedure for these experiments in mice
were similar to those described for rats in Section 1I.A.2., with the
following exceptions:

a. A total of 64 male and 64 female young healthy albino swiss
mice (National Laboratory Animals, 0'Fallon, Missouri) were used for this
study. They were divided into fcur gioups, each coasisting of 16 males
and 16 females. The average weights of all groups were kept close. Three
groups of mice were fed 0.001, 0.01, or G.1% of TNG in powdered standard
rodent chow (Wayne Laboratory Meal). At the end of 3 weeks, adverse effects
were not observed in any mice. Starting the 4th week, TNG concentrations
in feed for all groups were increased 5-fold to 0.005, 0.05 or 0.5%, re-
spectively. The 4th group served as controls and was given the powered standard
rodent chow.

b. Mice were kept in a separate room of our rodent quarters,
They were housed four per plastic cage with filter tops.

c¢. Blood samples were collected by heart puncture under ether
anesthesia at termination for hematology. Clinical blood chemistry tests
in mice were not performed.

d. Since adverse effects were not observed in any mice and TNG
did not cause any lesions in any mice that were terminated at the end of
4 weeks, the mice for the reversibility study were not necropsied for
examination at 8 weeks as scheduled.
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3. Results
a. General Observation and Weight Gain 4%
The control mice and mice fed various levels of TNG were .-

healthy throughout the experiment. The body weights of the male and female ¢
mice before, during and after treatment are summarized in Tables 67 and 68,

respectively. The weight gains of both the male and the female mice fed -
the low, middle or high level of TNG were comparable to those of the controls. :

b. Feed Consumption and TNG Intake "1

Feed consumption of the mice fed TNG are summarized iu Table
69. Both the male and female mice fed various levels of TNG consumed com-
parable amounts of feed as the controls throughout the experiment.

TNG intake of these mice are sumaarized in Table 70, The
ING intake of the male mice fed 0.001, 0.0l or u.l% TNG during the first
3 weeks averaged 1.3,11.5 or 106.7 mg/kg/day, respectively., When the TNG
concentrations in the feed were increased 5-fold starting the 4th week, the
TNG intake of these mice increased and averaged 6.4, 60.2 or 607.6 mg/kg/
day, respectively. The ING intake of the female mice fed the low, middle
or high level was comparable and averaged 1.3, 10.9 or 94.9 mg/kg/day during .
the first 3 weeks, and averaged 6.9, 58.7, or 561.2 mg/kg/day, respectively, N
during the subsequent 10 weeks.

c. Blood Analysis

The hematology results of the control mice and male mice fed
variois levels of TNG for 4 or 13 weeks, or for 13 weeks and ailowed to re-
cover for 4 weeks, are summarized in Tables 71, 72, or 72, respectively,

The peripheral blood elements were not apparently altered by TNG. When com-
pared with the control males, however, there were a few occasional differences
at the various time intervals. These differences were slight and were incon-
gistent.

The hematology results of the control female mice and female
mice fed various levels of TNG are summarized in Tables 74 through 76. As
for the males, the peripheral bhlood e¢lements of the females were not ap-
parently altered by ING. When compared with the control females, there were
a few occasional differences at the various time intervals. The differences
were slight and vere not consistent.
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d. Orga: Weights

The organ weights of the mice fed various levels of TNG for
13 weeks are summarized in Tabple 77. The absolute and relative spleen
weights, based on the body weighit, of the female mice fed TNG were larger
than thoce of the control females, However, due to large individual varia-
tion, the increase in spleen weights was not statistically significant. The
absolute and relative weights .of other organs of mice fed TNG were not ap-
parently altered as compared with those of the control mice.

After feading for 13 weeks and allowed to recover fFor 4 weeks,
the absolute kidney weight of the female mice fed the middle level of TNG
was significantly larger than that of the control mice {(Table 78). Based
on the body weight, this difference was not statistically significant.

Since absolute kidney weight was not increased in the female mice fed the
low or high level »f TNG or in the male mice fed any levels of TNG and

since no lesion was found in the kidneys of these mice, the increase of the
absclute kidney weight was not considered clinically significant and was

not related to TNG. The slight but not significant increases in the absolute
and relative spleen weight, seen in the female mice fed TNG for 13 weeks,

was not apparent in the mice after they were allowed to recover for 4 weeks.

e. (Gross and Microscopic Examination of Tissues

At necropsy, the control mice and mice fed various levels
of TNG were in good nutritional condition at various time periods, Micro-
scopic examination of tissues revealed a numher of tissuea in both the
control mice and mice f=d TNG for 4 weeks. 1In the males, 3 of 4 control
mice had microfoci of subacute inflammation ia the liver (Table 79). One
mouse also had a focal chronic nerivasculitis of the kidney. Two of tae
4 male mice fed the high level of TNG had focal chronic interstitial
nephritis, 1In the females, 2 control mice had microfoci of subacute
inflammation in the liver (Table 80). Another control had a chronic
interstitial nephritis and tubular basophilia of the kidney., Three of the
4 female mice fed the high level of TNG had focal chronic murine pneumonia,
microfoci of subacute inflammation in the liver, and/or chronic interstitial
nephritis. These occasional lesions were spontaneous and are commonly seen
in the mice.

After TNG feeding for 13 weeks, a number of spontaneous
lesions also occurred in the control mice and mice fed TNG. In the males,
there were microfoci of subacute inflammation in the liver and/or inter-
stitial nephritis (Table 81)., In the females, there were murine pneumonia
with tracheitis, microfoci of subacute inflammation and/or pinworms in the

large intestine (Table 82)., 1n addition, extramedullary hematopoiesis occurred

in the liver and splecn of the male and female mice fed the high and middlie
levels 'ING and in the spleen of ovne male and one female mouse fed the low

103

T

ek




FIFEHIRNNN ¥ O CUNE SRR 1 b0 i 8 Y Ui ek i A3 PRI R TR Y ¢ aklni bl BNl L e d AR 5

PR T Y PRI IR e o 4R . 3 A Y T

leve) TNG. Bonc marrows of the control mice and mice fed high levels of
TNG were normal; the M/E ratios were within normal ranges.

After TNG feeding for 13 weeks and allowed to recover for
4 weeks, a number of spontaneous lesjons were also seen in these mice
(Tables 83 and 84). These lesions included lymphoid hyperplasia or focal
pnevmonia in the lung, foci of subacute inflummation in the liver, inter-
stitial nephriris in the kidney, and/or fatty degeneration in the adrenal.
These lesions occurred in the contzol mice and/or in the mice fed the ING
and allowed to recover for 4 weeks. As seen in the mice fed TNG for 13
weeks, extramedullary hematopoiesis occurred iu the liver and spleen of
these male and female mice. The bone marrows of the control mice and mice
fed the high level of TNG, were normal; the M/E ratios were within normal
ranges.

B. Discussion and Conclusions

Coth the male and female mice fed the low, middle or high
level of TNG did not show any adverse signs, any changes in hematolegy
or clinical blood chemistry tesis. The TNG iztakes of the male mice fed
the low, middle and high levels in the feed averaged 1.3, 11.5, or 106.7
mg/kg/day, respectively, during the first 3 weeks; and 6.4, 60.2 or 607.2
mg/kg/day, respectively, during the subsequent 10 weeks. The TNG intake
of the female mice averaged 1.3, 10.9 or 94.9 mg/kg/day, respectively,
during the first 3 weeks; and averaged 6.9, 58.7 or 561.2 mg/kg/day,
respectively, during the subsequent 10 weeks.

The absolute and relative spleen weights of female mice fed TNG
for 13 weeks were larger than those of the control mice., However, the
increases were not statistically significant. After feeding for 13 weeks
and allowed to recover for 4 weeks, the slight ii.creases in the absolute and
relative spleen weights were not apparent. Extramedullary hematopoiesis was
seen in the liver and spleen of mice fed ING for 13 weeks and for 13 weeks
plus recovery for 4 weeks. The significance of this extranmedullary hema-
topoiesis was not clear. First, extramedullary hematopoiesis is often seen
in rodents. Second, the extramedullary hematopoiesis in the liver and
spleen of these mice was mild. Third, there was no dose-relationship in
the extramedul lavy hematopolesis in these mice tad the high, middle or low
levels of 'ING.

C. Qther Studies

Metabolic studies are described in Section IV. Mutagenic and
immunologic studies were not performed in mice.
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TABLE 67

BODY WEIGHTS OF MALE MICE FED TNG

1~
i % TNG Body Weights (gm)
in Feedd/ Initial 4 Weeks 8_Weeks 13 Weeks 17 Weeks
{: 0 29.341.42/ 34.040.6
0.001-0.005 26.8+1.5  30.0+1.6
7 0.01-0.05 27.541.5  31.0+1.6
0.1-0.5 28.0+1.3  30.340.8
0 26.840.8 32.010.45 33.8+1.0 ‘;
0.001-0.005 27.540.6  31.5+1.3~ 33.341.7 b
0.01-0.05 23.3%1.6  29.3+1.5% 28.730.9 3
0.1-0.5 27.540.7  31.8+0.9%/ 33.541.2 1
g
0 26.0+1.4 31.5+1.6 33.5+1.8 1
0.001-0.005 27.3+41.3  32.0+41.0  33.3+1.7
0.01-0.05 25.5+1.0  30.5+1.6  32.740.9 ,‘
0.1-0.5 25.0+41,2 28.540.7 31.040.7 ]
k 0 27.840.6  29.8+1.0  32.8+1.1 40.53;0.69‘/ 36.840.3
“ 0.001-0.005 29.0¢1.5  32.0+2.0 35.042.1 36.341.3%/ 38.831.3 ;
0.01-0.05 26.5+1.2 27.8+1.8 33.5¢1.9 35.8+1.1%/ 38.0+1.4 !
. 0.1-0.5 28.040.8  30.310.5 31.840.5 36.3+0.6%/ 35.5+1.0 ]

Dt e

a/ 'ING concentrations in the feed were increcsed 5-fold starting the
4th week.

b/ Mean + S.E. of four mice. ]

¢/ TNG in feed discontinued thereafter. g

I
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TABLE 68

BODY WEIGHTS OF FEMALE MICE FED TNG

% TNG . é
in Feeda/ Initial 4 Weeks 8 weeks 13 Weeks 17 Weeks ‘
s i
b/ :
0 25.8+1.1° 27.3+1.3 ;
0.001-0.005 23.040.4  25.540.9
~ 0.01-0.05 22.840.8  21.841.0
“, 0.1-0.5 23.3+1.3  25.341.1
0 24.340.5 26.81-0.3':‘:; 27.040.4
0.001-0.0G5 23.5¢1.3  25.5+1.37) 28.5¢1.7
0.0%.-0.05 23.3+1.0  25.540.9%' 30.540.9
.i-0.5 22.8+41.2  26.040.7%/ 28.0%1.8
, 0 23.540.7 26.840.3  28.540.7  26.340.6 :
i 0.001-0.005 22.040.6  23.3+1.6  27.340.8  25.3+1.0 3
; 0.01-0.05 23.3+1.0  25.3+l.1  29,042.2 28.0+l.1
6.1-0.5 £.310.8  26.540.3  20.540.%  27.042.0
i 0 22.540.5 24.340.6  25.840.3  30.30.5%/ 27.840.9 -.
E 0.001-0.005 21.540.5  24.3+1.1  26.5+1.0 28.5_+_o.79/’ 29.5+1.3 1
; 0.01-0.05 23.840.5 25.040.7 28.5+1.2  32.041.2%" 31.3+1.4 ;
0.1-0.5 24.540.9 26.0+1.1 28.5+0.3 32.3%0.9%/ 32.030.9 4

a/ TNG concentrations in the feed were increased 5-fold starting the
4th week,

b/ Mean + S.E. of four mice.

c/ TNG in feed discontinued thereafter.
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TABLE 70 ) :
1
AVERAGE TNG INTAKE (mg/kg/day) of MICE i
DURING TREATMENT

% TNG ] Males 1

In Feeds/ 0-3b/ 4-8 9-13 i
0.001-0.005 1.3 7.0 5.7

0.01-0.05 11.5 54.2 66.2 *
0.1-C.5 106.7 580.5 634.7

% TNG ]

In Feed8/ 0-2 4-8 9-13 ;
0.001-G,C05 1.3 7.6 6.2

0.01-0.05 19.9 64.7 52.6 ]

0.1-0.5 94.9 642.3 480.1 ‘ i

a/ TING concentrations in the fecd were increased 5-fold starting the ;

4th week,

b/ Weeks. o

4 1
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TABLLE 71 ﬁ
l HEMATOLQGY DAT!. OF MALE MICE FED TNG FCR 4 WEEKS i
* (CyN) CONTROL (ToN) TWEATFD N = NUMBE- OF W[Ct
. . :
1
/ %
. \ a H
- DOSE: % TNG in Feed = Vel (Co &) 0.1-0.5 (v, &) i
. [ 3 :
> E"Y‘HRUC'TES (X100 /MM ) 490 & bl 4l s P 1
i} RETICULOCYTESs & PeBa v W26 2.56 & o5 4
; HEMATOCRITs VOL. % aa.5 ¢ .3 alel & le4 h 3
[ 3
HEMOGLOWINs GMe % T Y PR 4 1
‘ MCV,s LURIC MICRONS V.M & ALl 100a7 & 1048
’ MCHB, MICRU MICHROGMS. 3009 & 2.7 W 3w i
MCHECs M % 33.3 s .3 3.2 s W0 Y P
if s 3 g
. PLATELETS (X10 /MM ) B6eT & WA Beb & o ]
E R
.- LEUKOLYTES (K10 /MM ) 9.5 & oM I
. NEUTROPHILS % 18.3 & 3.6 2145 3 a7 i
g
| YMPHOCY TF S & 9.8 & 4. THe & .6 !
; HANDS s 4 0.0 ¢ 0.0 Bed s 0ub ]
. k|
MUNOCYTESs oot el 3 ;
FUSINUPHIL Ss % leb & o3 S IS - :
) HASUPHILSs % Ds0 ¢ 0.0 040 & 040 i
. v NUCLEATED RHCe % 0.0 &£ 0,0 0.0 & 0a0 ;
. ENTHIES AKE MEAN ¢ STANDAKD ERROR
oo
. a/ TNG concentration was increased 5-fold starting the 4th weeks, )
b/ Significantly different from the control mice (Dunaett's multiple ccmparison procedure LY Yo : ﬂ
; ]
i ;
§
i
1
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TABLE 74
4
f (CoN) CUMTROL (TeN) THEATED N = NUMBER OF MICE ‘
|
DOSE: X% TNG in Feed®/ 0.0 (Cy &) 0.1-0.5 (Te @) j
ERYTHRUCYTES &xlobrnnj» CoeR s 13 5039 » Lo
RETICULOCYTESs % W70 8 J08 136 & .36 i
HEMATOCKIT, VOL. % 46,0 & 1.2 ah.H & QK :
HEMOGLOBINs OM. % 15.4 & .6 159 & .6 1
MCYe CUHIC MICRONS 102.8 &+ 4.1 87.1 ¢ 3.19/ j
MCHHs MICRU MICHOGMS, Je.a 2 les 2946 & .99/ é
MCHHC GM & 33.4 ¢ W3 38,0 & .4
PLATELFTS (xlos/nnj) S8 t 7 $.2 & oh
LEUKDCYTES 4xloj/nn3) RBe® & lan QA ¢ 9 ;
NEUTROPHILS % 133 ¢ &0 18,0 &2 409 ‘
LYMPHOCYTES. % 82.5 ¢ 2.5 NleH & wel
HANDS. % 0.0 ¢+ 0.0 0.0 & 0.0 - 3
MONOCYTESs % «J 2 «3 ot 2 o3 g
FOSINOPHILS. @ led o W5 0.0 = n.ngl i
HASOPHILS. % 0.0 &+ 0,0 Ue0 & 040 i
ATYPICAL. & 0.0 & 0.0 0e0 & 040 j
NUCLEATFD RHCy % 0.0 & 0.0 0.0 & 0.0 5
ENTRIES ARE MEAN + STANDARD ERROR ?
a/ TNG concentrations were increased 5-fold starting the 4th week. :
b/ significantly different from the control mice (Dunnett's multiple comparison procedure &/). %
|
i
H
. f
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TABLE 77

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MICE FED
ING FOR 13 WEEKS

Terminal
% TNG Rody Abgolute Weight (gm)
Sex In Feed®/  yeight Heart Liver Kidneys Spleen
Male  Control 28.8+1.72/  0.16£0.01 1.25+0.03 0.55+0.02 0.14+0, 01
0.001-0.005 29.5t1.3  0.1740.02 1,21+0.08 0.55:0,06  0.1540.04
0.01-0.05  29.3+0.9  0.15#0.01 1.28+0.07 0.58+0.03  0.12+0.01
0.1-0.5  28.3+0.8  0.15:0.01 1.39£0,10 0.56+0.04  0.10+0.01 i
Female Control 26.3+0.6  0.13+0.01 1.19+0.09 0.33+0.01  0.07+0.01
0.01-0.05  28.0¢1.1  0.15£0.01 1.36£0.09 0.42+0.03  0.14+0,01
0.1-0.5 30.0+2.0 0.1740.01 1.54+0,22 0.42+0.03 0.18+0,06

% TNG Relative Organ Weights (gm/100 gm body weight)

Sex In Feed Heart Liver Kidneys Spleen

Male Control 0.55£0.02  4.37+0,20 1.95+0.16  0.49+0.04 !
0.001-0.005  0.58+0.04  4.16+0.13 1.90+0.12  0.53+0.14 :
0.01-0.05  0.52+0.02  4.38+0.18  1.98+0.03  0.40+0.04 ;
0.1-0.5 0.54£0.04  4.92+0,34  1.98+0.18  0,36+0.02 ;
b ]
Female  Control 0.5140.05  4.6740,45 1.31+0.05  0.,27+0.03 1

0.01-0,05  0.52+0.03  4.86+0.35 1.50+0.13  0.50+0.04

0.1-0.5 0.55+0.03  5,21+0.83 1.43+0,16 0.62+0.22

8/ NG concentrations were increased 5-fold starting the 4th week.
b/ Mean + S.E.
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TABLE 78 b
ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MICE FED TNG FOR s 3
13 WEEKS AND ALLOWED TO RECOVER FOR 4 WEEKS i
Terminal e :
% TNG Body Absolute Weight (gm) ;
Sex In Feedd/ Weight Heart Liver Kidneys Spleen ; :
. i 3
{ Male Control 31.140.32/ 0,1740,01 1.3740.13 0.64+0.01 0.15+0.07 4
e 0.001-0.005 35.0+1.9  0.21+0.03 1.5740.13 0.63+0.01 0.11+0,01 % ¥
; 0.01-0.05  33.0¢1.6  0.22+0.03 1.45£0.05 0.73+0.06 0.13+0.02
: 0.1-0.5 31.0+0.7 0.19+0,01 1.38+0.05 0.56£0.02 0.12+0.01
i Female Control 24.30.6  0.14+0,01 1.05+0.06 0.36:0.01 0.08+0.01
§ 0.001-0,005 24.8+1.3 0,14+0,01 1.24+0.06 0.40+0.02 0.14+0.02
g 0.01-0.05  26.5t1.6 0.16+0.01 1.246+0.08 0.45+0.045/0.12+0.02
4 0.1-0.5 29.0r1.1¢/ 0.14+0,01 1.2640.04 0.38£0.01 0.12+0,02
§ :
; ;
‘é‘: !
k N 3
¢ % TNG Relative Organ Weights (gm/100 gm body weight) ;
: Sex In Feedd/ Heart Liver Kidneys Spleen 1
§ :
Male  Control 0.56+0.03  4.40£0.43  2.0740,06  0.47+0.,22 ;
0.001-0.005 0.60+0.07 4.50£0.36  1.81+0,10 0.32+0.02 :
0,01-0.05 0.65+0.07 4.4240.19  2,21+0.15  0.39+0.05 ;
0.1-0.5  0.62+0.03 4.46+0,13  1.79+0,02  0.40+0,92 ;
Female Control 0.58+0.05 4.32+0,20  1.48+0,06  0.31+0.03
0.001-0,005 0.59+0.03 5,05+0.28  1.61+0,06  0.56+0.09
{ 0.01-0.05  0.60+0.04 4,69+0,27  1.70+0.06  0.47+0.07
0.1-0.5  0.51+0.06 4.40+0.31  1.34+0.08  0.41+0.10

a/ TNG concentrations were increased 5-fold starting the 4th week,

/ Mean + S.E.
/| Significantly different from the contrc

comparison procedure&/).
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IVe DISPOSITION AND METABOLISM

A. Disposition and Metabolism of TNG in Various Species i

1. Introduction ! b

Absorption, distribution, biotransformation, and excretion of TNG
were studied in rats<~/ . TNG and its metabolites were identified by the avail-
able conventional analytical methods and radioassay. In these experiments,
similarities and differences in the disposition and pathways of biotransforma-
tion were investigated in mice, rabbits, dogs and monkeys.

2. Material and Methods

S P T
-

el g
i

The procedure and methods described for tatsl/ were generally used
to study the detailed disposition and metasbolism of TNG in female albino Swiss
mice (National Laboratory Animals, O'Fallan, MO) weighing 20 to 25 gm,
male and female New Zealand rabbits (Small Stock Ind., Pea Ridge, AR)
weighing 2.30 to 2.37 kg, male and female beagle dogs (Hazelton Research
Animagls, Cumberland, VA) weighing 9.0 to 9.2 kg, and male and femalerhesus
monkeys (Primate Imports, Port Washington, NY) weighing 3.8 to 3.9 kg.

Each animal was fasted overnight. A single oral dose of TNG approx-
imately 10% of the acute LDgq, spiked with 10 uCi of NG-1,3-1% (specific
activity of 53.25 mCi/mM) was given via an intragastric metal or rubber tube.
The TNG with TNG-1,3-IQC was suspended in peanut oil and given at a volume of
0.2 m1/10 gm for mice, 1 ml/100 gm for rats, or 1 ml/kyg for rabbits, dogs and
monkeys. After dosing, the mouse or rat was placed immediately in a '"Roth-
Delmar" metabolism cage.~ The rabbit, dog or monkey was placed in a stainless
steel animal cage (24 in. x 24 in. x 20 in.) inside of a closed air-tight
Plexiglass box. All animals were given food and water ad libitum. Ti'e chambers
were vented continuously with CO,-free air and the expired CO, was collected
and absorbed in 5% NaOH for rodents and in LiOH for the larger animals. Feces
and urine were collected separately in the gpparatus. At termiunation, each
animal was anesthetized with ether or pentobarbital sodium. Aortic blood was
collected and various tissues including feces were removed, weighed, and
digested. Aliquots of tissue digests, filtrates, bhlood, plasma and urine
were decolored with H,0, and counted in the scintillation solution using a
Packard Tricarb 3375 liquid scintillation spectrophotoneter. 14002 samples
from the air trap were spotted on filter paper, dried and counted. Various

e A S 31 i 353 R 1 Vo,
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techniques including TLC, GLC, chemical detection i sts, B-glucuronidase
treatment and tissue extracts described previously= were used to identify
TNG and its metabolites.

3. Results

5

i

|

E : a. Distribution and Excretion
; :

|

The sults on the disposition and metabolism of TNG in rats
reported previously= are included for discussion in the present report.
e distribution and excretion of radiocactivity after a single oral dose
3 of TNG in various species are summarized in Table 85. In mice, an average
1 of 30.7% of the administered dose was recovered in the gastrointestinal d
tract plus contents and feces in 24 hours, whereas in rats, rabbitse, ]
dogs and monkeys less than 127 was recovered. :

1 The total recovery of radioactivity in tissues and excreta '

averaged from 78.5 to 83.3% in mice, rats and monkeys, 91.4% in rabbits 3
and 99.2% in dogs. This suggests that the absorption of TNG in mice aver- i
aged 50 to 70% of the administered dose in 24 hours, whereas the absorp- ;
tion in other species was somewhat larger, averaging 75 to 95% of the dose.

In rats and mice, the majority of the absorbed radioactivity was excreted .
in the urine and expired air. In 24 hours, mice excreted 19,2 and 18.8%

of the dose in the urine and expired air, respectively, whereas rats ex-
creted 25.5 or 39.8% of the dose in the urine and expired air, respectively.
In monkeys, dogs and rabbits, most of the absorbed radiocactivity was ex-
creted in the urine, averaging 45.0 to 72.0% of the dose in 24 hours. Only
2.5 to 7.8% of the administered radioactivity were recovered in the ex-
pired air during this period in these species. At the end of 24 hours,

the liver of all species contained significant amounts of radioactivity,
ranging from 4.3 to 6.8% of the dose. Dogs and monkeys retained an average
ot 9.5 or 13.0% of the administered radioactivity in the skeletal muscle,
whereas only 2.1 to 2.8% of the dose were recovered in the skeletal

muscle of rabbits, rats or mice. Kidneys, spleen, lung and brain of all
species contained only small amounts of radioactivity.

A e, ol W BaE

i sl s AR ke n ot

The tissue/piasma radiocactivity ratios after a single oral

dose of TNG-1,3-1 C in various species are¢ summarized in Table 86. Radio- i
activity was highly concentrated in the liver of all species. The tissue/
plasma coucentration ratio of radiocactivity in the liver of rabbit or :
mouse was 21.0 or 30.1, respectively. The concentration ratios in the :
liver of rats, dogs and monkeys ranged from 7.4 to 7.8. The concentration i
ratio of radioactivity was also relatively high in the kidney, probably ;
reflecting the excretion of radioactivity in the urine. The radioactivity ;
was also coucentrated in the spleen and lung in which the roncentration i
:
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ratios were greater than one. The concentration ratics in the brain of
mice, rats and rabbits were greater than one and of dogs and monkeys were
less than one; the concentratior ratio in the skeletal muscle of rabbits
was greater than one and of the other species were less than ore.

b. Metabolites in Urine

Matabolites of TNG In the 24-hour urine of various species
are summarized in Table 8. The parent compound, TNG, was detected only
in small amounts, averaging less than 0.17% of the dose in the 24<~hour
urine of mice, rats and rabbits, and 0.3 to 0.,8% in dogs and monkeys. The
free dinitroglycerines (DNGs) were also excreted in small amounts in the
urine, averaging less that 0.1% in mice, 0.3% in rabbits, 1.1% in rats,
2.5% in monkeys, and 3.67% in dogs.

Most of the uri .ary metabolites in mice were unidentified
polar compounds, averaging 12.07% of the administered dose. One component
moved in the echyl acetate and peiroleum ether solwent system and accounted
for 1i.2% of the dose. Other urinary metabolites included 2.0% of the dose
as free mononitroglycerines (MNGs) 2.4% as DNG-glucuronides, 0.2% as MNG-
glucuronides and 2.1% as glycerol.

Most of the urinary metabolites in rats were free MNGs
(10.6% of the administreed dose) and 1,2-DNG-glucuronides (10,0%). Other
urinary metabolites included 3.5% of the dose as 1,3-DNG-glucuronide and
1.5% of the dose as MNG-glucuronide. Glycerol accounted for 6.9% of the
dose and the unidentified polar components accounted for 6.27 of the dose.

The unidentified polar compounds in the urine of rabbits
accounted for most of the urinary radiocactivity, averaging 44.8% of the
administered dose. The major component moved in the ethyl acetate and
pertroleum ether solvent system. Rabb.ts also excreted large amounts of
1,3-DNG-glucuronide and glycerol, averaging 11.2% and 8.87% of the dose,
respectively. Free MNGs, 1,2-DNG-glucuronide and MNG-glucuronide accounted
for 2.4%, 2.8% and 1.6% of the dose, respectively.

Dogs and monkeys excreted more MNGs and more MNG-glucuronides
than o_her species. Fr2e MNGs in the urine of dogs and monkeys accounted
for 18.2% and 15.8% of the dose, respectively; and MNG-glucuronides accounted
for 5.2% and 7.5%, respectively., Dogs also excreted 8.97% of the dose as
DNG~-giucuronides; and monkeys excreted only 0.97 as the DNG-glucuronides.
Glycerol accounted for 8.8% w«nd 4.8% of the dose in dogs and monkeys,
respectively; whersas the unidentified polar compounds accounted for 22,0%
and 12.6% in dogs and monke 78, respectively.

A

A e M e S kL




PRI, e i e S

4. Discussion and Conclusions

The metabolic pathways were similar in rats, mice, rabbits, o *
dogs and monkeys. About 50 to 70% of an oral dose of TNG-1,3-14C was : {
absorbed in 24 hours in mice, whereas 75 to 95% was absorbed in rats, ,
rabbits, dogs and monkeys. In rats and mice, the majority of the absorbed i
radioactivity was excreted in the urine and expired air. In rabbits, dogs
and monkeys, most of the absorbed radioactivity was excreted in the urine
with only small amounts in the expired air. The radioactivity was highly i 3
concentrated in the liver of all species. Other tissues, including kidney, : %

spleen, lung and/or skeletal muscle, also contained significant amounts
of radiocactivity.

PR TS

TNG and free DNGs were excreted only in small amounts in the
urine of mice, rats and rabbits, and in slight amounts greater in the
urine of dcgs and monkeys. Large amounts of unidentified polar compounds : g
and glycerol were found in all species. Mice excreted only small amounts
of free MNG, MNG~glucuronides and DNG-glucuronides, indicating relatively
complete biotransformation of TNG. Most of the urinary metabolites in rats : :
and rabbits were free MNG and DNG-glucuronides. Dogs and monkeys excreted E
mostly free MNGs and MNG=-glucuronides.

The lesser amount of absorption and ccmplete metabolism of TNG
in mice reflects the relative toxicity of TNG in this species. As reported
previously, the acute oral toxicity of TNG was less in mice than in rats.
In the present studies, the subacute and subchronic toxicities of TNG
were more in dogs and rats than in mice as described in Sections I, 1II, ;
and III.

B. Biliary Excretion of TNG, [NGs and MNCGs in Rats

1, Introduction

KD L L s i AR

As discussed in the preceding Section IV.A., 'INGC was highly con-
centrated in the liver of various species. Liver serves both as a site for
metabolic biotransformation of foreign compounds and as an ofggh for excre-
tion. In these experiments, biliary excretion of TNG, its dinitroisomers
(DNGs) and mononitro-isomers (MNGs) in rats were compared.

bt e

2o Materlal and Methods

Female CD® rats (Charles River Breeding Laboratories, Wilmington,
MA), weighing 280 to 320 gm, were fasted overnight before use. Under
ether anesthesia, the common bile duct was cannulated with PE 10 plas-
tic tubing through a midline abdominal incision. After the incisicen
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had been closed, a dose of TNG, DNGs or MNGs approximating 10% of the acute
LD5gs 8piked with about 10 uCi of the respective " C-labeled compounds
(specific activity of 36.67 to 53.25 mCi/mM), was dissolved in peanut

oil and administered orally by intragaﬂtric intubation. The rats were

then confined individually in restrictive animal holders (Stoelting
Company, Chicago, IL). Purina Rodent Chow and water were freely

accessible to the animals.

Bile was collected for the predetermined interwvals and the
amount of bile was measured by weighing. Small volume (200 yl) blood
samples were obtained periodically from the rats by cutting off the tips
of their tails and heparinized. At the end of 24 hours, the rats were
removed from the holders. and anesthetized with ether. Blood was collected
from the abdominal aorta with heparinized syringe. Entire length of
gastrointestinal tract including their contents was removed and combined
with the feces which were collected without urinary contamination.

Radioactivities in the bile, blood, plasma and the GI tract
we-= measured using a Packard Tricarb 3375 liquid scintillation spectro-
photometer as described in Section IV.A.2. Bile was counted directly in
the scintillation solution. Blood, plasma and the GI tract were digested
with NaOH, decolored with HZOZ’ solubilized in the scintillation solu-
tion and counted.

3. Results

ae Biliarz Excretion

The biliary excr&zion of radioactivity in female rats after
oral administration of TNG-1,3-" C is summirized ia Table 88, The radio-
activity appeared in the bile within 15 min-tes after dosing. The rate
of biliary excretion increased with time and reached a peak in 3 hours.
Thereafter, the rate of excretion decreased. The total biliary excretion
averaged 13,507 of the dose in 24 hours. The blood concentration of

radioactivity continued to increase through the 5th to 6th hour and de-
creased thereafter.

The biliary excretions of radioactivity Tﬁter oral admin-
istration of 1-MNG, 2-MNG, 1,2-DNG and 1,3-DNG (NG-1,3- C) are summar-
ized in Table 89. The biliary excretion of radiocactivity was high for
2-MNG and 1,2-DNG, averaging 18.90% and 11.207% of the administered dose
in 24 hours, respectively, The biliary excretion was low for 1-MN5 and
1,3-DNG, averag'ng 3.81% and 1.63% of the dose, respectively. The re-
cuvery of radiocactivity in the gastrointestinal tract plus contents and

feces was 4.647% of the dose for 1-MNG and less than 1% for 2-MNG, 1,2«
DNG or 1,3-DNG.
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b, Metabolites of TNG in Bile

Metabolites of TNG in the 24-hour bile of rats are summar- !
ized in Table 90. As described in the urine in Section IV.A.2Z.b., TNG
was detected only in small amounts in the 24-hour bile of rats, less than :
0.1% of the administered dose. The frze DNGs were also excreted in small i
amounts in the bile, averaging 0.3% of the dose or less. In addition to
1,2-DNG-glucuronide (3.9% of the dose), 1,3-DNG-glucuronide (2.5%), glycerol :
(2.8%) and unidentified polar compounds (2.4%), other major metabolites |
in the bile were MNG-glucuronides (2.0%). Free MNGs accounted for 1.0% )
of the doge.

il riois L X

PR o hs

Separate experiments showed that the roncentration of 1,3-
DNG in the first-hour bile was higher than that in the 5th-hour bile,
whereas the concentration of MNG was higher in the 5th-hour bile than in
the first-hour bile. This indicates the progressive denitration of the
DNG to MNG.

4, Discussion and Conclusion

After oral administration of TNU .,J»lac to rats, the radio-
activity appeared in the bile in 15 minutes. The rate of biliary ex-
cretion increased with time and reached a peak in 3 hours. The blood
concentration of radioactivity continued to increase through the 5th
to 6th hour. The biliary excretion of radiocactivity was high for 2-MNG,
TNG and 1,2-MNG and low for 1-MNG and 1,3-DNG. The amount of radiocactiv-
ity remained in the gastrointestinal tract plus contents and in the feres
was small. This suggests relatively complete absorption after oral ad-
minigtration of these compounds.

G. Metabolism of TNG In Vitro

1. Introduction

]
A
9
1
]

This phase of the study was to describe the in vitro metabolism
of TNG by homogenates of livers from various speries. These data in ccn-
junction with the in vivo obscrvations may be utilized to predict how
humans metabolize TNG. In addition, metabolism of TNG by placentas and :
tissues of several sracies during development was iuvestigated. i

2. Material and Methods

Animals were sacrificed by decapitation (rats), cervical dis-
location (mice), air embolism (rabbits), or an overdose of magnesium
sulfute (dogs and monkeys) and the livers removed, weighed, and homogen-
ized in three volumes of 1.,15% KCl. Human liver was obtained from autopsy

130




X sty
L4 L]

* <4

samples and similarly processed. The in witro system, as modified from
Needleman and Krantz;lé-contained 1 mM TNG=-1,3- QC or 1-MNG-1,3-140,

8 mM reduced gluthathione, 8 mM potassium cyanide, phosphate buffer and
liver homogenate at a final pH of 7.4. The incubations were conducted at
37°C for 10 minutes, except where specified, and terminated with mercuric
chloride and absolute ethanol. Metabolites were resolved by esilica gel
thin-layer chromatography in a solvent system of benzene and ethyl acetate
(4:1). In this system, TNG, 1,3~-DNG, and 1,2-DNG are resolwved on the g ate
while MNGs, glycerol and glucuronides remain at the origin. The Lowr
protein assay was used to measure protein assay. The ability of livers to
metabolize TNG was expressed as nanomoles metabolites per milligram pro-
tein. Since there were no sex differences in TNG metabolism, the values
for both males and females were combined.

3. Results

a. Metabolism by Rat Liver

The in vitro system metabolized TNG primarily to 1,3-DNG
and 1,2-DNG after a 1l5-minutes' incubation. The results are shown in
Table 91. If the reactions were continued for up to 2 hours, then the
amount of DNGs decreased and the amount of polar coumponents at the origin
increased as a function of time. The material at the origin probably repre-
sented MNGs since 947 of 1-MNG incubated in the same system was present
as the parent compound after a 90-minute incubation. These observations
suggest that the liver in vitro was not able to completely denitrate TNG
as the in vivo system.

These results regarding the ability of livers to metabolize
TNG are in general agreement with the reports of othersléall&lﬁ/i Since
liver homogenates metabolized glycerol-" C, but not TNG- 40: to 002,
they concluded that TING was not denitrated to glycerol in the liver. In
addition, the conversion of TNG-iac to 1"COZ which occurred in the intact
animal was blocked when rats were eviscerated. Since the removal of liwve:x,
stomach, intestines, pancreas, spleen and kidneys interferred with the
metabolism of TNG-14c’it was possible that these organs acted in conjunction
with the liver to metabolize TNG. This proposal was tested in the in vitro
system by incubating homogenates of the liver and various organs with TNG-
1,3-14C and 1-MNG-1,31%C. As shown in Tables 92 and 93, the addition of
none of the tissues which were removed during evisceration modified the
ability of the liver to metabolize either substrate. The results of this
experiment still leave in question the role of the liver and various other
organs in the complete denitration of TNG to glycerol and ultimately to

002.
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b. Metabolism by Liver of Various Species

Comparative studies on TNG metabolism were ccunduct by in-
cubating hszgenates of livers from various species with TNG-1,3~" C or
1-MNG-1,3-" C for 10 minutes, Livers from rats, dogs, rabbits, and monkeys
wore not able to metabolize © C-1-MNG to glycerol. As shown in Table 94,
tte primary metabolites of ING were 1,3-DNG and 1,2-DNG. Polar components
at the origin represented 5% or less of the total radiocactivity and were
excluled fzrom the comparison. No sex difference in TNG metabolism was ob-
served for any of the animal species tested and the results for males and
femalzs were combinedl. Livers from rats and mice produced more 1,3-DNG than
1,2-DKG. In contrast, more 1,2-DNG was produced by livers from rabbits,
dogs, monkeys and humans. Livers from mice and humans had a low ability
to metavolize TNG. In addition, the human livers had a lower ability to form
1,3-DNG than any of the other species. The formation of 1,2-DNG by livers
from rats and humans was equivalent.

c. Metaboiism During Development

Since the metabolism of many compounds changes during develop.
ment, studies were conducted to determine the ability of various developing
tissues to metabolize TNG. Placenta from mice, rats, and humans had a poor
ability, relative to the liver, to produce 1,3-DNG and 1,2-DNG. The results
are shown in Table 95, Low levels of TNG metabolism were found in mouse
embryos on day 12 of gestation and in mouse livers and carcacses on day 18 of
gestation. The results are shown in Table 96. TNG metabolism in rat livers
increased between 1 and 7 days after birth and did not change between 7 and
21 days after birth. Livers from rats at 3 weeks of age produced less DNGs
than the adult liver and the ratio of 1,3<DNG to 1,2-DNG was 1.2. These
results suggest that at 3 weeks of age rats do not produce the adult pattern
of TNG metabolites.

4. piscussion and Conclusions

TNG was primarily metabilized to DNGs in vitro by livers of various
species. Livers from rats and mice produced more 1,3-DNG than 1,2-DNG; where~
as, livers from rabbits, dogs, monkeys and humans produced more 1,2-DNG than
1,3-DNG. Livers from mice and humans had a low ability to metabolize TNG.

The rat liver quickly metabolized TNG in vitro to DNGs in 15 minutes.
Then the amount uf DNGs decreased when the incubation was continued for up
to 2 hours. MNG was not apprecliably metabolized by liver in vitro., These
results suggested that the liver Lp vitro was not able to compietely denirrate

ING as in vivo system. The additlon of other tissue homogenates, including
stomach and intestines, or pancreas, spleen and kidneys, did not modify the
ability of the liver to metabolize TNG or MNGs in vitro.
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Placentas from mice, rats or humans and mouse embryo,
liver or carcass during late gestation had a poor ability, relative
to liver, to metabolize TNG in yitro. TNG metabolism in rat livers in-
creased with time after birth up to 7 days. The metabolism did not change
between 7 and 21 days. The ability of rat liver at 21 days after birth
to metabolize TNG was lower than that of the adult liver.

De ff of TNG on D tabolizing En

le Introduction

The effect of TNG on the ability of rats to metabolize test
compounds was studied. The test compounds selected for this study were
zoxazolamine and nitroanisole. The in vivo metabolism of zoxazolamine
was followed by the duration of the loss of the righting reflex following
treatment. The in vitro metabolism of nitroanisole in liver was mea~
sured in terms of the formation of p-nitrophenol.

2. Material and Methods

Male rats were fed diets that contained 0.5% TNG for 2 weekss
Rats in the positive control group received 50 mg/kg of phenobarbital
sodium twice daily for 3 days. At the end of treatment, the zoxazolamine
paralysis time and nitroanisole O-demethylase activity were determined.

Zoxazolamine was administered i.p. to three rats at a dose
of 45 mg/kg in a vehicle of 0,2 N HCl. The duration of paralysis was
measured in terms of the loss of the righting reflex. The values are
reported as the mean * S¢Es and the test of significance was the two-
sample ran 19/t est. The level of significance was selected at P <0,05.

The metabolism of nitroanisole by livers was measured in an
in vitro systeme. Rats were sacrificed by decapitation and the livers
were removed, weighed, and homogenized in 4 volumes of 1.15% potassium
chloride. The hemogenate was centrifuged at 9,000 x g for 30 minutes.
The incubation medium contained 15 pmoles magnessium chloride, 15 pmoles
glucose-6=-phosphate, 3 pmoles p-nitroanisole, 0¢5 ml of the 9,000 x g
liver supernatant, and 0.5 ml of 0.5 M sodium phosphate buffer pPH 7.8.
Reactions were conducted for 20 minutes in a shaking water bath at 37°c.
The reaction was terminated by the addition of 0.5 ml of 40% formalin
and the color was developed with 0.5 ml of 08 N sodium hydroxide. The
product formcd was measured spectrophotometrically at 420 nm. The
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relationship of pmoles p-nitrophenol formed = Absorbance Units/10.22
was used to quantitate product formed. The Lowry protein asny!&/
was used to measure protein content. The activity was expressed as
nanomoles p-nitrophenol/mg protein. The values are rcported as the
mean * S¢E. The test and level of significance were the same as de-

scribed above. 1

3. Eggglts
? The results on the zoxazolamine paralysis in rats are summarized
in Table 97 « Pretreatment of phenobarbital sodium significantly simulated : %

{ the metabolism of zoxazolamine and reduced the duration of paralysis

as compared to control ratse. On the other hand, feeding of 0.5% ING for
2 weeks did not affect the duration of zoxazolamine paralysis, This re-
sult indicates that the liver enzyme(s) to metabolize zoxazolamine was

not affected by TNG.

T

The results of nitroanisole O~demethylase activity in rat livers
are summarized in Table 98, The nitroanisole O-demethylase activity in
livers of rats fed 0.5% T™NG for 2 weeks was not significantly different
from that of the control rats.

4. Conclusion é

Feeding of 045% TNG for 2 weeks did not affect the liver enzyme(s)
to .ievubolize zoxazolamine in vivo, nor affected the O-demethylase activity
in - lver *- yitroe - |
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DISTRIBUTION AND EXCRETION OF RADIOACTIVITY IN VARIOUS SPECIES

GI plus Con-

tents
Feces

Whole Blood?/

Expired Air
Urine

Liver
Kidneys
Spleen
Lungs

" Brain

MuscleE/

Recovery

SINGLE DOSE OF TNG-1,3-7%C

OF ANIMALS 24 HR AFTER ORAL AIMINISTRATION OF A

% of Administered Dose

Mice Rats
2,2+ 0,1/ 3,0+ 0,28
28,5 + 4.2 6.3+ 1.0
0.3 + 0.0 0.7 + 0.0
19.2+ 1.2 25.5+ 1.5
18.8 + 7.5  39.8 + 2.6
6.3 + G.6 4.3+ 0,9
0.2 + 0.0 0.3+ 0,0
< 0.1 --
0.L + 0.0 0.1+ 0.0
0.1 + 0.0 0.1+ 0.0
2,5 + 0.7 2.8 + 0,2
78.5 + 9.7  82.9 + 6.4

d/ Mean of two animals.

a/ Based on 77 of the body weight.
b/ Based on 407 of the body weight.
¢/ Mean + S.E. of four animals,

e/ Mean + S.E. of three animals.

13!

r

S~

Rabbits  Dogs Monkeys
3.7/ 488/ 8.4+ 3.58
0.1 1.8 3.2+ i.6
0.6 1.6 2.1+ 0.1
7.8 2.5 3.6 + 0.6

72,0  71.6  45.0 + 0.9
4.8 6.4 6.8 + 2.2
0.2 0.4 0.3+ 0.0

<0.1 0.1 <0.1
0.1 0.3 0.2+ 0.0

<0.1 0.2 0.7 + 0.1
2.1 9.5  13.0 + 1.0

91.4  99.2  £3.3 + 3.8

~
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:k TABLE 86 ]

5 L

¢ TISSUE/PLASMA RADIOACTIVITY RATIOSE/ IN VARIOUS SPECIES OF

P ANIMALS 24 HR AFTER ORAL ADMINISTRATION OF A

: SINGLE DOSE OF TNG-1,3-1%C

4 3
{

: 4 Tissue Mice Rats Rabbits Dogs  Monkeys

1 Liver  30.0 + 5.6% 7.8+ 1.72/ 21,08/ 7,58/ 7.4 + 2,84/

i f Kidney 4,1+ 1.1 2.8+ 0.3 4.3 2.7 2.2+ 0.2

L Spleen 2.6 + 0.7 -- 3.3 1.8 1.3+ 0,1 1

- Lungs 2,8+ 0,7 1,7+ 0.1 2.8 1.4 1.3+ 0,1

- Brain 1.2+ 0.2 1,0+ 0.1 1.5 0.7 0.9+ 0.3

, Muscle 1.8 + 0.6 0.6 + 0,1 0.6 0.8 0.8 + 0.1 3

; a/ Radioactivity in 1 gm of wet tissue per radio-

3 activity in 1 ml of plasma, 1

i b/ Mean + S.E. of four animals, ' 1

¢/ Mean of two animals,

E d/ Mean + S.E. of three animals. _ ]
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e 'TABLE 87 i 4

1 l i =

'* S

ﬁl? METABOLITES OF TNG IN URTNE OF VARIOUS SPECIES COLLECTED FOR 24 HR ! :
: AFTER ORAL ADMINISTRATION OF A SINGLE DOSE OF mNG-1,3-14C ;

Pr—
i

% of Administered Dose

l Metabolite Mice Rats Rabbits Dogs Monkeys ,
- NG 0.1 0.8 0¥ 0.8%/ 0.3%/ ;
? ' I,S'DNG <0.1 004 002 2.8 1.3 i
3 1,2-DNG <0.1 0.7 0.1 0.7 1.2 3

' MNGs 2.0 1C.6 2.4 18.2 15.8 :
| 1,3-DNG-glucuronide 1.5 3.5 11,2 5.5 0.4

R 1,2-DNG-glucuronide 0.9 10.0 2.8 3.4 0.5
4 MNG-glucuronides 0.2 1.5 1.6 5.2 7.5
E, Glycerol 2.1 6.9 8.8 8.8 4.8 ;
' Polar Compounds
1 Rf 0.0 in Solveat C 0.8 4.9 5.4 18.6 12.4 :
g Rf 0.6 in Solvent C 11,2 1.3 39.4 3.4 0.2 :
;i a/ Mean cf three animals, § ]
] b/ Mean of two aniuals, j 1
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Excretion Rate
(% of dose/min)

9

0

9

2

6

6

9

4

4
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(Cumulative %)
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Excretion in Bile

——

(% of Dose)

Lo~ 8 RINSS
CO0COOHMH OO
COO0O0Q0COOO0 Q00O
HH

\D\DOOI\H - Moo
o~ \Dln-—‘ O\QO

CO 0 OO0 Mmoo oo

TABLE
BILIARY EXCRETION OF RADIOACTIVITY IN RATS AFTER ORAL ADMINISTRATION

Bile Volume
(ml)

§
1
4
]
1
1
1
1
i
i
d
A
i
3
‘,
i
:
:

N T O

1/4
1/2
1
23
24

1-1/2

Ll
o
&)
L
<
8
wl
=

~
U]
]
3
=]
<
f
]
i
0
=]
(@]

a/ Mean + S.E. of three rats.
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TABLE 30

METABCLITES OF TNG IN RAT BILE COLLECTED FOR :
24 HOURS AFTER ORAL ADMINISTRATION OF A '

SINGLE DOSE OF TNG-1,3-1°C

-

Radioactivity in Bile

duskiid] sl csmsivirs:

Metabolites % in Bile % of Dose
TNG < 0.1 < 0,1 ;
1,3-DNG 1.7 + 0.3 0.3 + 0.1 ‘
1,2-DNG 0.4 + 0.1 0.1 + 0.0 1
MNCs 6.4 + 1.6 1.0 + 0.2 .
1,3-DNG glucuronide 16.3 + 2.6 2.5 + 0.4
1,2-DNG glucuronide 25.9 1 3.8 3.9 + 0.6
MNG glucuronides 13,2 + 4.7 2.0 + 0.7 :
Glycerol 18.9 + 4.2 2.8 + 0.6 1
Polar compounds 17.2 + 4.3 2.6 + 0.6 i
= = !
a/ Mean + S.E. of three rats.
F
i
|
3
1
;
i
, |
i |
!
5 |
3 i
E
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Origin
8

4

6.4
0.8
13.3
1.6
21.7
4+ 2.4

+1 +! +1

£ D I AN R
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4
1
20.2
1.4
8.6
+ 0.8
5.7
+ 0.7

+1 +1

1,2-DNG

91

nMoles/mg Protein
141

2
29.8
1
19.4
1.2
7.1
0.5

AS A FUNCTION OF TIME

TALLE
. i4
METABOLISM OF TNG-1,3-" C IN RAT LIVER
a/ Mean + S E. for three livers from male rats.
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TABLE 92 3

METABOLISHM OF TNG-1,3-1%C IN LIVERS OF T |

FEMALE RATS IN THE PRESENCE AND j

ABSZNCE OF VARIOUS TISSUE ; ;
PREPARATIONS

Gr g

nMoles/mg Protain

Tissue L3NG L, DNG 3

4

Liver? w3 29.6

: + 2.2 + 1.8 ]
ﬁ :
b Preparation 1% + 0.7 + 0.1 ‘
Liver c 49.5 33.6 ;

Preparation 27 + 5.3 1 3.4 %

4

z/ One volume liver homogenate. ]
b/ 0.5 volume liver homogenate and 0.5 volume '
tomogenate of stomach and intestines.

¢/ 0.5 volume liver homogenate and 0.5 volume
homogenate of pancreas, spleen, and kidneys.
d/ Mean + 8.T. for three observations.
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TABLE 93

'.‘.‘L.w'rxr‘

METABOLISM OF 1-MNC-1'3-140 IN LIVERS

FROM FEMALE RATS IN THE PRESENCE AND !
ABSENCE OF VARIOUS TISSUE i :
PRE PARA TIONS : b

gq

) n¥oles/mg Protein
3 Tissue 1-MNG Crigin

R T A TR PR IS

.. Liverd 93d/ 1.6 :
L. +5

1+
e
w

i Liver + 93 1.3
i Preparation 12/ + 5

\ am

J

I+
e
r

1 A
’ Liver + / 93 . : ;
. Preparation 2< +5 '

i+
o~
L]
o w

if a/ One volume liver homogenate.
b/

0.5 volume liver homogenate and %
. 0.5 volume homogenate of stomech ? §
I and intestines. : ﬁ

o]
l\

0.5 voiume liver nomogenate and
0.5 volume homogenate of pancress,
spleen, and kidnevs.

Mzan + S.ke. for three observatiomns.
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TABLE 94

METABOLISM OF TNG{llﬁ-IAC IN LIVERS FROM

ur.FFERENT SPECIES

Number
of nMoles/mg Protein

Species Determina-ions 1,3-DNG 1,2-DN§ 1,3-DNG/1,2-DNG 3

4

Mouse 6 16.7 + 0.9 7.0 + 0.3 2.4 "
Rabbit 6 18.3 + 0.8 51.3 + 2.2 C.36 i
3

Dog 7 21.1 + 0.7  46.8 + 2.0 0.45 -'4
: Monkey 5 16.3 + 2.1 52.7 + 5.2 0.31 g
1 4 1245 + 29 32.5 + 4.9 0.38 '4

a/ Autopsy samples frow 2 65-year old Negro male died of a dissecting 1

aneurysm of the -orta, a 2l-year old white male died of a gunshot

wound, a 67-year old white female died with CNS selzures, and a
60-year old female died with a lung carcinowa.

b/ Mean + SeE. or mean of the indicated numbcr of determinationse. Values
for males and females were combined.
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95

METABOLISM OF TNG-1,3-}%C IN

PLACENTAS FROM VARIOUS SPECIES

Species

Mouse
Day 12
Day 18

Rat
Day 19

Human
Terr.

nMrles/mg Protain

1,3-DR8

W -
~
1+ 1+

1o
v
1+

0.7

+

0.8
0.1
0.6

0.4

/

1,2-DKG

W W

3'8

4'7

I+ 1+

14

S~ oW

0.2

1.3

a/ Mean % S.E. for three determinations.
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TABLE S6
METABOLISM OF TNG~-] L3-—1‘4C DURING DEVELOPMENT IN MICE AND RATS
Days
After nMoles/mg Protein
Snecles Tissue Birth 1,3-DNG 1,2-DNG
L oaue
Embryo -7 0 3.8 + 0.9
Liver -1 7.4 + 0,68/ 5.9 + 0.2
Carcags -1 3.4 +1.2 4.9 + 0.4
;; Rat
Liver -2 12.2 + 0.8 9.4 +1.0
wiver 1 14.6 + 0.4 9.1 + 0.1
Liver 7 27.0 + 1.0 23.1 + 0.6
Liver 14 26.9 + 1.2 21.4 + 2.0
iiver 21 29.1 + 1.6 24.8 + 1.8
a/  Mean + S.E. for three determinations.
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l TABLE 97
I DURATION OF ZOXAZOLAMINE PARALYSIS IN MALE RATS PRETREATED I
WITH PHENOBARBITAL SODIUM OR FED A CONTROL
I DIET OR A DIET CONTAINING 0.5% TNG
Duration of Paralysis 3
I Treatment (Minutes) '
Experiment I | 5
I Control 98 + 11 (10)</ 3
Phenobarbitald/ 34 + 7 (7)d/ : !
i
T Experiment I1 § ]
e Control 134 + 14 (8) i
i 0.5% TNGE/ 149 + 11 (8) P
| i ]
s a/ 50 mg/kg, I.P., twice daily for 3 days. i
. b/ Incorporated into diet and fed for 2 weeks. { §
' ¢/ Mean + S.E. (number of observations). i3
.. d/ Signiiicantly different from control (two rank test-]z-g—/). : 3
- i
]
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TABLE 98 {

NITROANISOLE O-DEMETHYLASE ACTIVITY IN . ;,
‘ LIVERS OF RATS FED A CONTROL DIET . §
{ OR A DIET CONTAINING 0.57% TNG .- ;

Treatment ActivitzP./ . ¥
; 3
i Controx 1.32 + 0.17 (3)9_/ ;
| 0.5% TNGH/ 1.14 + 0.01 (3)

k

: al Incnrporatézvzhto diet and fed for 1‘ f
E 2 weekse
E b/ nMoles p=-nitrophenol/mg protein in
‘ 9,000 x g supernatant.

¢/ Mean t SeE. (number of observations).
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HEMATOLOGY, CLINICAL LABURATORY TESTS, HISTOPATHOLOGY,
STATISTICAL ANALYSIS, AND NORMAL VALUES

I. HEMATOLOGY AND CLINICAL LABORATCRY TESIS

PN et Il Lot i o ]
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The usual blood sample from dogs is 8 ml, from monkeys 4 ml, and
from racs 0.3 ml for hematology and about R ml for full analysis at termin-
ation.

e et a2 IR

A. Yematology

The following hematological analyses are performed on all blood
samples from rats, dogs and monkeys.

1. Erythrucyte and leukocyte counts: A Coulter Electronic
Particle Counter with 100 u aperture is used:l/ Particle-free diluents
(Isoton for RBC, Zap-Oglobin in Isoton for WBC, Coulter Electronics, Inc.)
are counted to establish the background. Each blood sample is counced in
duplicate. For each test day, two control blood samples (Diagnostic
Technolcgy, Inc.) are counted separately in duplicate.

2. Hematoscrit: Hematocrit is determined in capillary tubes
using a microcapillary centrifuge (International Equipment Company, Model 3
MB). Two contrcl blood samples (Diagnostic Technology, Inc.) are measured :
separately in duplicate. E

3. Hemoglobin: Hemoglobin is measured as cyanomethemoglobin.gj !
Each blood sample is measured in duplicate. Cyanomethemoglobin (Coulter
Electronics, Inc.) is used as the standard. For each assay, two levels of
the standard are used and two control blood samples (Diagnostic Technology,
Inc.) are measured in duplicate.

A e

4. Methemoglobin (Met-Hb): Met-Hb is measured by the method of 2
Dubowski.éj A positive control is made by adding potassium ferricyanide :
to control blood. %

5. Heinz bodies: Heinz bodies are stained with methyl violet and
the percent of Heinz bodies is .aliculated.

o MmN Wt e e et

6. Mean corpuscular volume (MCV): MCV is calculated as follows:

MCV (u3) - Hematocrit x 10
Erythrocytes in millions/mm3
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? 7. Mean corpuscular hemoglobin (MCHb): MCHb is calculated as
; follows:

. Hemoglobin (gm %) x 10
: MCHb = -
} 1’ Cuue) Frythrocytes in millions/mm

8. Mean corpuscular hemoglobin concentration (MCHbC): MCHbC
is caliculated as follows:

T W e T T T

MCHbC (gm %) = _}igmoglobin (@ Z) X 100
Hematocrit

SIS

9. Differential leukocyte counts: Wright's stain is used to
stain the leukocytes for examination.

10. Reticulocyte count: Reticulocytes are cournted by the methy-
lene blue method using the Miller disc.ﬁ/ ' 4

11. Platelet count: A Coulter Electronic Pz.ticle Counter with
70 u aperture is used.2/ Particle-free Isoton is used as diluent and

counted ro establish the background. At weekly intervals, platelets are -
: also visnally counted in a4 hemocytometer with a phase microscope for
i comparison.8/ "
E 12. Clotting time (dog and monkey): Clotting time is determined k
by the capillary tube procedure using two capillary tubze.l/ The time T
elapsed {rom the appearance of the blood from the animal and :zoagulation .

in eitlier tube is rsagured.

ehicaie kol i ey
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é ; B. Clinical Blood Tests

E The following clinical blood chemistry tests arc performed on -
3 all blood samples from dogs and monkeys and on blood samples frem rats
at termination.

1. 3Blood glucose: Fasting blood glucose is determ ned by Stein's
hexokinase method.?/ Standard glucose solntlon (Dade) is used to establish

a standard curve. For each assay, one level of the standard and two con- -
trols (Reference Serum, Worthington; and Validare, General Diagnos: ics) are
measured, vty

2. Serwa glutamic-oxaloacetic transeminage (SGOT): SGUT is
measured by the method of Amador and Wacker.9/ Validate and Reference
Serum are used as the enzyme reference for cach assay. ..
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3. Serum glutamic-pyruvic transam‘nase (SGPT): SGPT is measured
i by tihe method of Henry et al.10/ validate and Reference Serum are used as
I

the enzyme reference for each assay.

4, Alkaline phosphatase: Alkalfne phosphatase is measured by
the method of Bowers and McComb.lI/ Validate and Reference Serum are used
as the enzyme reference for each assay.

Ll 5. BUN: BUN is measured using the BUN Strate Kit (Genmeral Diag-

nostic) which is bused on the urease method.lg/ Three levels of Calibrate E
e (General Diagnostics) are used to establish a standard curve. For each f
. assay, two controls (Calibrate I and Validate) are used as the reference. j

b . 6. Creatinine: Creatinine is measured by a modified kinetic
alkaline picrate procedure.lgl Creatinine 3tandard Solutions (Sigma Chemi-
cal Company) are used to establish a astandard curve. TFor each assay, two
f' levels of the standard and two controls (Calibrate I and Validate) are

- used as raference,

odk aradoy vadngta:

7. Lactate dehydrogenase (LDH): LDH is measured by the method
. u of Wacker et al.X%/ Precinorm E and Precipath E (Boehringer, Mannhein
Corporation) are used as the enzyme controls for each assay.

i

i ik g

. 8. «a-Hydroxybutyrate dehydrogenase (0-HBDH) : « HBDH is measured

ty the method of Rosalki and Wilkinson.22/ Precinorm E and Precipath E are

used as the enzyme controls for each assay.

Pzl

9, Creatine phosphokinase (CPK): CPK is measured by the improved
?' procedure of Rosalkil®/ based on the methods of Oliver.lzj Precinorm E and
" Precipath E are used as the enzyme controls for each assay.

- C. Urinalysis

v Urine samples .re collected from animals before and during treat-
s ment as are the blood samples. The urine from rats is collected by slight
manipulation of their body, and samples within each group are pooled. The
monkeys and dogs are placed individually in metabolism cages, and urine is
collected in the stainless steel pan. The urine from each dog and the pooled
urine from rats are tested and examined for the following:

e T I P I -1 A T

SN R
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1. Protein: Urinary protein is determined with Labstix (Ames
Company, Elkhart, Indiana).

Dl oLt e <

2. Sugar: Urinary glucose .nd reducing substance are determined
with Labstix (Ames Company).
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3. Microscopic examination: Urine samples are centrifuged and
the supernatant discarded. The residue is resuspended and examined micro-
scopically for the presence of erythrocytes, leukocytes, epithelial cells,
and crystals under high power field and for casts under low power f€ield.

A positive urine contiol prepared with known amounts of protein
and zlucose in saline adjusted to pH 6.0 is rum with each assay to check
the reliability of the Labstix. ; @

D. Occult Blood in Feces

Tecal samples are collected from animals before and during i
treatment as are the blood and urine samples. Occult blood in the feces E
is determined with ilematest Reagent Tablets (Ames Company, Elkhart, Indiana). ]
A pesitive control (whole blood) and a negative control (distillad water)
are included with each assay to check the reliability of the Hematest
tablets. , ’ 1

E. Precision of Hematology and Clinical Blood Chemistry Tests

¥ 1. Reproducibility

Fo~ eryihrocyte and leukocyte counts, hematocrit, hemoglobin, and
, the various clinizal blood chewmictry tests, the same control blood samples
§ or control standards are used for day-to-day assays. The replication of
-} results are excellent and are summarized in Table A.

ST

The dectermination of ditferential leukocyte counts aud reticulocyte
counts are performed by experienced personncl. At weekly interwvals, a bloud
sompls is counted by two or more personnel to coafirm the accuracy of the
counting. Also at weekly intervals, the platelet counts obtained from a
Cculter Electromic Particle Counter are compared with the direct visual
counts in a hemocytometer using a nhase microscope.

2. Reproducfbility Withir. a lest Dav L

At monthly intervais, a blood sample is taken from a control dog
and six vor more determinatZons for erythrocyte, leukocyte, reticulocyte,
and platelet counts, hemoglobin, and various clinical blood chemimtry tests
are pecformed tu establish the reproducibility within an aasay. The resu:ts
are summarized in Table B.
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3. Proficiency Test Service

We suwdscribe to the Prof ‘ciency Test Service of the Institute
for Clinicel 3Science, Hahnemann Meaical College, Philadelphia, Penneylvania
(F. Wm. Sunderman, M.D., Directer). On the first day of each month, this
gservice sends tro samples containing two different sera or sclutions to all
oubsciyibers for measurements of one ur more of the parameters usually analyzed
in clinical laboratories. Participants report thelr results on a form fur-
nished by the service. On the 15th day of the month, each participant re-
celves a report from the service which includes: the resulte of a statistical
analysis of the values reported by all the participating laboratories; a
current roview of pertinent methodology; a comprehensive bibliography; and
validstion oi the results which the participating laboratory reported. This
service enables each participating laboratory to obtain an unbiased and criti-
cal assessment of ~ta3 proficfency in relation to that of 1,000 or so other
cliniral laboratories througliout the country. The service has been in con-
tinvous operation since 1949 and was given endorsement by the American Society
of Clicical Pathkr‘ogists in 1952 and by the Association of Clinical Scientists
ir 1957 and 1968. Our resualts have been found to be satisfactory and are
summarized in Table C.

IT. HISTOPATHOLOGY

A. Necroosy and Gross Examination

At termination or prior to imminent death, rats are killed with
ether, and dogs and monkeys with an overdose of sodium pentobarbital. Animals
that die on teats are.kept refrigerated but not frozen until necropsy. The
general physical condition and nutritional status of each animal at the time
af death or termination are observed and recorded. Necropsy is performed as
soon as possible after death. Gross changes of all tissues are carefully
examined and recorded.

B. Organ Weights

_ The brain, liver, spleen, kidneys, adrenals, thyroids and gonads
are trimmed free from surrounding tissues and weighed. The organ weight to
body weight and/or brain weight ratios are then calculated.
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C. Tissues for Microscopic Fxamination

Tissues to be examined include the eye, skin (breast), trachea,
lung, tongue (except rat), salivary gland, liver, gallbladder (except rats),
pancreat, esophagus, fundic and pyloric stomach, duoderum, jejunum, ileum,
cecum, colon, kidneys, urinary bladder, gonads, and accessory organs,
diaphragm and gracilis muscle, anterior pituitery, thyroids/parathyroids,
adrenals, tonsil (except rat), thymus, spleen, prescapular (except rats)
and mesenteric lymph nodes, rib bone with Lone marrow, brain (sagittal
sectior for rats; coronal sections of cerebral cortex, cerebellum, and
brain atem for dog and monkey), spinal cord (lumbosacral plexus, dog and
monkey), sciatic nerve and any other structures not mentioned which show
abnormal gross changer.

D. Fixetion and Staining of Tissgues

All tissues are cut not to exceed 1 um in thickness for fixation.
For mcet tiscues, neutral buifered 10X formalin is used. Sufficient volume
of fixing solution is used and the tisszues are changed to a fresh solutinn
after 24 hours. 7The fixed tissues are processed in an Autotechanicon for
dehydration, clearing, and infiltration and then embedded in paraffin.
Roucine H & T staining 13 used to stain the sectioned tissues for micro-
scopic examination.

Supplementary tissue fixatives and staining techniques may be

employed for more positive identificatiun of special lesions such as calci-
fication, pigments, fet deposiiion and other abnormal changes.

ITI, STATISTICAL ANALYSIS

Data are analyzed statisticelly using the Dupnett's multiple com-
purisopr nrocedure following an analysis of variance.lg or our modification
of this procedure for uneven numbe. s among groups. The chosen criterion
signiffcance ir p € 0,05, The means of each group at various intervals
during treatment are commpsred with pretreatuent levels. For most experi-
meats in-beagles, three bLaseline (pretreatnent) levels are obtained. The
baseline levels for eaci animrl are averaged and the mean is used in the
analysis. In addition, the means of the various treaatad groups are compared
with that of the coatrol group at the respective time intervals.
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IV. NORMAL VALUES

A, Hematology, Clinical Laboratnry Tests and Bone Marrow

Since June 1971, we have used about 180 rhesus monkeys (Woodard
Pegearch Corporation, Herndon, Virginia, Primate Imports, Port Washington,
New Tork, and PrimeLabs, Inc., Farmingdale, New Jersey) for various studies.
The peripheral blood elements and clinical blood chemistry values of these
monkeys before treatment and the myeloid/erythroid (M/E) ratio of the bone
marrow of the monkeys used as normal controls varied among individual ani-
mals. The mean + S.D. and the range of the various parameters for the males
and females are summarized in Tables D and E, respectively.

Since September 1971, we have used about 525, 5 to 9 months old,
beagles dogs (AKC registered, Hazelton Research Animals, Inc.). The periph-
eral blood elements, clinical blood chemistry values and the M/E ratio of
the bone marrow varied considerably among individual dogs. The mean + S.D.
and the ranges of the various parameters for the males and females are
summarized in Tables H and I, respectively.

During the same period, we have used about 500, 7 to 10 weeks old,
male albino rats (CDC)Strain, Charles River Breeding Laboratories). As
for the dogs, the individual variations of the paripheral blood elements,
clinical blood chemistry values and the M/E ratio of the bone marrow were
large. The mean %+ S.D. and the ranges of the various parameters for these
male rats are summarized in Table L.

B, Absolute and Relative Organ Weights

Organ weights, both absolute and relative to body weight, of
rhesus monkeys, beagle dogs, and albino rats are summarized in Tables F
and G, J and K, and M, respectively. These were control animals usad be-
tween June 1971 and December 1976.

C. Presence of Various Substances in the Urine

Various substances occasionally occurred in the urine of monkeys,
dogs and rats. The results are summarized in Table N. Large percentage of
urine samples from monkeys contained epithelial cells, i.e., 34.7% to 52.0%.
Other substances occurred in 8.1% or less of the urine samples.

In dogs, protein, erythrocytes, leukocytes and epithelial cells
were present in 19.1 to 21.6%, 16.5 to 19.8%, 22,6 to 24.6X or 24.7 to 25.7%,
respectively, of the samples from dogs collected for analysis. Glucose,
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crystals, and casts occurred in less than 2% of these samples. Some dogs
had been bled and returned to the metabolism cages before the urine was
removed for analysis. The high incidence of some of these substances in

the urine of these dogs might be due to contamination with the fecal materisl

and traces of blood dropped in the cage. Special care to avoid contamination
has been undertaken.

In rats, large percentage of urine samples contained protein, i.e.,
29.8 to 36.0%. A few samples contained erythrocytes, leukocytes, epithelial
cells and crystals.

D. Occult Blood in the Feces

Less than 10% of the feces samplas from monkeys or dogs was positive
with the Hematest for occult blood. The results are summarized in Table O.
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TAELE A

REPRODUCIBILITY AMONG TEST DAYS ON THE
SAME CONTROL SAMPLES OR STANDARDSA/

Erythrocyces (x 100/mm3)
Normal level
Abnormal level

Hematocrit (vol %)
Normal level
Abnormal level

Hemoglobin (gm %)

Normal level
Abnormal level

Leukocyte Counts (x 103/mm3)
Normal level
Abriormal level

Fasting Blood Glucose (mg %)
SGOT (1IU/f)

SGPT (IU/{)

Creatinine (*

BUN (mg Z)

Bilirubin (mg 2)

Alkaline Phosphatase (1U/{)
CPK

LDH

HBDH

a/ Performed in December 1976.

No. of

Determinations

20
20

20
20

20
20

29
20

20
23
23
18
19
11
22
11

10

Mean & S.D.
4,51 + 0,07
2.32 £ 0.04
44,3 + 0,40
22,8 + 0.60
14,2 £ 0.20
7.4 + 0.20
7.3 + 0.50
17.6 + 0.80
163.0 + 7.5
61.7 + 3.9
51.3 + 2.6
2.2 £ 0.3
3.8 + 0.2
0.8 + 0.1
71.6 + 5.4
153.0 £ 7.7
98.0 + 2.4
226.0 + 7.2
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- 14.5
- 7.8

- 8.7
- 18.7

- 178
-~ 68
- 55

- 2.6
- 10.2
- 1.0
- 80
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- 101
- 238
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l TABLE B
REPRODUCIBILITY WITHIN A TEST DAY
l ON THE SAME SPECIMENA/ :
b
i Mesn # $.0.%/ Range
Erythrocytes (x 106 /mm3) 5.9C + 0.14 5,73 - 6,08
Reticulocytes (%) 0.63 + 0.12 0.44 -~ 0.79
I Hematocrit (vol %) 46.8 + 0.6 46.0 - 47.5
Hemoglobin (gm %) 16.1 ¢+ 0.2 15.8 - 16.1 ;
Platelets (x 105/mm3) 1.56 + 0.07 1.49 - 1,66 }
I Leukocytes (x 103/mm3) 10.8 + 0.4 10.2 - 11.3
Bands (%) 0+0 0-0 4
Neutrophils (%) 64.3 £ 3.1 61 - 69 :
-k ] Lymphocytes (%) 29.0 t 4.9 23 - 35 §
:q‘ Eosinophils (%) 3.2 ¢+ 0.8 2 -4 i
H Basophils (%) 0+ 0 0-0 i
i I Monocytes (%) 3.4+ 0.9 3-5 ’
Atypical (%) 0t0 0-0
: Nucleated RBC (%) 0t 0 0-0
I Methemoglobin (gm %) 00 0-20
! ‘ Fasting Glucose (mg %) 96.7 + 3.0 32 - 101
E SGOT (IU/{) 23.2 + 2.8 21 -~ 28
3 I SGPT (IU/{) 25.3 + 2.1 24 - 28
B ' Creatinine (mg %) 0.6 £ 0.1 0.5 - 6.6
BUN (mg %) 9.0 £ 0.0 9 -9
; I Alkaline Phosphatase (IU/{) 63.5 + 1.1 6z - 65
CPK 44.0 £ 1.6 43 - 46
L LDH 38.5 + 1.6 37 - &0
‘ I HEDH 42.0 + 1.6 40 ~ 43
a/ Performed in October 1976.
ok I b/ Six determinations from an adult beagle blood sample.
- ]
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TABLE C
i PROFICIENCY TEST SERVICE (PTS) REPORTS (1975-1976)2/
b
| § Participating .
a Laboratories :
¢ MRI PTS {10-90 Percentiles) Acceptable ol
o Unknowns Results Resultis Median Mean g_c_tformnce.tl i
% Hemoglobin 13.8 gm % 13.8 13.8 13.8 13.6 - 14.0 o .
! 18.1 gm X 17.9 17.9 17.8 17.6 - 18.2 o : }
Serum Protein 6.6 mg % 7.1 7.0 7.0 6.7 -7.3
3 : E
E Fasting Glu ose 272.0 mg % 264.5 266.0 263.0 240 ~ 290 ?
: 229.0 mg ¥ 221.4 220.5 222.5 200 - 240 -‘
BUN 12.1 mg % 12.0 12.0 12.2 11.0 - 13.0
38.4 mg % 40.1 40.3 39,2 36.0 - 44.0 f
: Creatinine 1.0 mg 2 1.0 1.0 1.0 9.8 - 1.3 ;
i 4.3 mg 2 4.4 4.5 4.4 3.9 - 4.9 :
] Bilirubin 3.9 mg % 4.16 4.15 4.14 3.5 = 4.6 1
: 1.3 mg % 1.78 1.80 1.77 1.5 ~ 2.1 }
Cholesterol 175.0 mg % 161.4 161.0 162.0 145 -~ 175
100.0 mg % 109,.8 109.4 111.0 98 - 120
905 EEQ/[ 9-8 9‘8 9-8 9-2 - 10-3
]
Na 156.0 meq/{ 155.8 155.0 155.5 153 - 158
i
K 7.3 meq/{ 7.5 7.5 7.5 7.3 - 7.7 ]
4
c1 96.0 meq/{ 97.8 98.0 97.5 96 - 101 :
78.0 meq/V 79.4 79.0 80.0 77 - 83 j
!‘8 1.0 meqlf 1.1 1-1 102 0.9 - 1-" ]
1.9 meq/? 2.0 2.0 2.1 1.8 - 2.3
!
gl— To date, we have received urkn<wns Yor phosphorus, uric acid, and serum !
: iron. We do not routinely perform these deteiminations, ’
. b/ Busad on vclves aubmitted by participants by 10th of month.
v 12
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TABLE F

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE RHESUS HDNKEYSSI

Organ Weight

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (gm)
Thyroids (gm)
Testes (gm)

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Testes (gm)

Absolute
Mean * S.D. Rangs
82 ¢ 17 64 - 122
4.6 + 1.8 2.0 - 9.3
15.1 + 3.8 8.0 - 22.0
0.73 £ 0.15 0.45 - 0.86
0.57 ¢ 1.30 0.37 - 0.81
1.29 * 0.57 0.53 - 3.30
Relative (per kg body weight)
Mean * S.D. Range
23.4 ¢ 2.5 18.8 - 30.4
1.25 * 0.47 0.57 - 2.38
4.13 ¢ 0.92 2.20 - 6.43
201 + 44 129 - 254
154 & 42 86 - 250
0.34 * 0.11 0.18 - 0.53

a/ Data collected between September 1971 and December 1976 from 17
monkeys weighing 3.71 * 0.48 kg, used as control animals.

15

i alin e s,

AP T

e e a b

t’n‘&m.. . s
el 5% u , N




:’"‘Tl’*,\v. A;'("—v-wn‘-.-h L TR . . L -~ R
: T B YT DM TIUMIRIARY .00 o .53 s 1 v A et st ettt et e e ookt st 1
TABLE G "
!
AbSOLUTE AND RYLATIVE . .GAN WZICHTS_OF FEMALE RHESUS MONKEYS2/ | i
i, Abgolute
Organ Weigl::. Mean ¢ S.D. Range
4
E‘ -
b Liver {zmy 8% 4 17 64 -~ 122
b Splaen (gn) T x4 2.0 - 6.0
L Xidneys (gm) 14.5 * 2.8 11.0 - 20.0 . ,
2 Adrenuls (gm) 0.68 + C.16 0.53 - 1.14 3
b Thyroids /gm) 0.59 * 0.20 0.37 - 1.11 - ;
ﬂ‘ Ovariec (gm) 0.28 * 0..0 0.14 - 0.45 %
g Relative (per kg body weight) ]
E Mean * S.D. Range . 3
F. Liver (gm) 25.4 + 5.8 19.2 - 37.4
Spleen (gm) 1.16 + 0.49 0.60 - 1.89 .
Kidnevs (gm) 4.40 * 0.86 3.20 - 6.25
Adrenzls (mg) 212 + 80 138 -~ 438
Thyroids (mg) 173 £ 66 97 - 346
Ovaries (mg) 82 £ 28 43 - 140
]
3 a/ Data collected between September 1971 and December 1976 from 11
i monkeys weighing 3.39 * (.58 kg, used as controls. ]
]
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l TABLE J ;_
/ |
l ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE BEAGLE DOGSZ:
Absolute
I Organ Weight Mean * S.D. Range .
Liver (gm) 264 + 51 166 - 384
;. I Spleen (gm) 58 + 25 22 - 167 :
Kidneys (gm) 53 ¢ 10 32 -71
1 Adrenals (gm) 1.12 + 0.26 0.74 - 1.75 L
o I Thyroids (gm) 1.03 + 0.32 0.55 - 2.50 i
g i Testes (gm) 6.60 * 4.56 1.32 - 18.00 P
&
I Relative (per kg body weight) ]
1 Mean t S.D, Range :
S Liver (gm) 27.9 + 4.2 19.6 - 42.3
3 E . Spleen (gm) 6.0 £ 2.0 2.8 - 12,5
b Kidneys (gm) 5.6 £ 0.8 4.0 - 7.7
‘, ' Adrenals (mg) 117 + 25 70 - 165
FRERE Thyroids (mg) 108 + 34 56 - 211
! Testes (gm) 0.67 + 0.39 0.13 - 1.67
3 T z
4
E ? ve a/ Data collected between September 1971 and December 1976 from 51 dogs, j
. weighing 9.3 * 1.8 kg, used as control animals. F
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TABLE

K

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF FEMALE BEAGLE DOGSQI

organ Weight

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (gm)

Thyroids (gm)
Ovaries (gm)

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Ovaries (mg)

kW‘fnmvwﬂh-»- et o
- PEPTIE — S SN R A e e aamt ¢ abAnt R st A SR v o db AL e

Absoulute
Mean £ 8.D. Range
218 = 51 106 - 322
48 * 21 i6 - 103
43 9 246 - 71
1.04 % 0.26 0.49 - 1.65
0.88 t 0.25 0.55 -~ 1.91
0.74 £ 0.24 0.38 - 1.27

Relative (per kg body weight)

Mean * S.D. Range

28.2 + 5.0 20.7 - 38.8
6.0 £ 2.3 3.1 - 10.9
5.5 0.9 3.7-17.9
135 + 35 67 - 215
112 * 31 75 - 219
96 * 33 54 - 222

a/ Data collected betrieen September
weighing 7.7 * 1.5 kg, used as

Fa Shdm

1971 and December 1976 from 49 dogs,
control animals.
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TABLE M

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE ALBINO RATS.‘./

Organ Weight

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Testes (gm)

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Testes (gm)

_Absolute

Mean t 8.D. Range
10.89 + 2.87 7.18 - 15.09
0.65 ¢ 0.11 0.34 - 0.89
2.64 * 0.37 1.84 ~ 3.58
63.0 £ 9.5 21.9 - 73.5
26.3 * 5.8 14.3 ~ 37.7
2.98 * 0.51 1,76 - 3.81

Relative (per 100 gm body weight)

Mean & S.D. Range
2,96 * 0.42 2,09 - 4.01
0.19 * 0.08 0.10 - 0.30
0.76 + 0.10 0.2z - 0.88
18.6 ¢ 5.8 5.8 - 22.4
7.6 £ 2.7 4.2 - 12.7
0.87 * 0.15 0.23 - 1.09

a/ Data collected between September 1971 and December 1976 from 139 rats,

weighing 352 ¢+ 59 gm, used as control animals,
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TABLE O

PRESENCE OF OCCULT BLOOD IN THE FECES OF MALE
AND FEMALE MONKEYS AND DOGS

3pecies: Monkeys - Dogs
No. of Animals: 448/ 8 1188/ 30
No. of Collactions: 44 4gb/ 118 156b/ .

Occult Blood: Negative 90.9 (60)5! 95.8 (45) 94.1 (111) 91.7 (143)

Positive 9.1 (4) 4.2 (2) 5.9 (7) 8.3 (13)

;_/ Baseline data collected from all animals employed between July 1974 and

December 1976.
b/ Data collected at weekly intervals for 4~7 collections from controls

employed between July 1974 and December 1976.
c/ Percent of total (number of samples).
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